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CHOICE: 36 Band Feature Selection Software
with Applications to Multispectral Pattern Recognition

ABSTRACT

‘Often a pattern recognition system is broken into two parts - feature
selection and classification. This note deals with feature selection.
In 1971, the Eartﬁ Resources Laboratory (ERL) received a version of the
Purdue pattern recognition software (LARSYSAA). ERL was preparing to pro-
~cess the very large quantities of data as output by the Bendix 24 channel
scanner. Eppler's Digital Table Look-up Classifier (DTL) was being im-
plemented at ERL primarily because of its speed advantage. The Purdue
feature selection program was quite useful but was limited to twelve
teatures {or channels) and did not select channel subsets in 2 manner sug-
gested by Eppler to be used with his table look-up classifier. He sug-
gested using a different subset of channels for each material (class), i.e.,
the subset which is best suited for detecting a particular material.

Feature selection software has been developed at ERL that 1s capable
of inputting up to 36 chammels and selectiﬁg channel subsets according to
several criteria based ﬁn divergence. One of the criterion used is compatible
with the table lock-up classifier requirements. The software inéicates which -
channel subset best "separates" (based on average divergence) each class from
all other classes. The software employs aun exhaustive search technique, and
designing the software such that computer time did not become prohibitive
was a major goalf A typical task to select the "best" 4 of.22 channels for

12 classes takes 9 minutes on a Univac 1108 computer.
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INTRODUCTION

A pattern recognition system is of ten broken into two parts - fgature
selection and classification. This note deals with feature selection.

" (For a much more detailed discussion of pattern recognition and feature
selection, see [1, 11, 12].) 1In 1971, the Earth Resources Laboratory
"(ERL) received a version of the pattern recognition software LARSYSAA,
This software was originally developed by the Laboratory for Application -
of Remote Sensing (LARS) at Purdue University. The system is well-known
and is described by Landgrebe [8) and Ratcliff [16].

ERL was preparing to process the very large quantities of data as out-
put by the Bendix 24 channel scanner [19]. Eppler's Digital Table Look-
up Classifiex (DTL) was being implemented at ERL primarily because of its
speed advantage {[4]. The LARSYSAA feature selection program ($SELECT) was
quite useful, but it was limited to 12 channels and did not rank the chanmel
gubsets 1n a manner suggested by Eppler, i.e., by the four channels which
were best suited for detecting a particular material (class). It was
necessary to develop feature selection software which would handle more than
12 channeis and would rank them in a manner more compatible with the DIL.
This software- CHOICE - is coded completely in Fortran V and runs on a
Univac 1108 computer. The maximum number of classes and channels are ﬁur—
rently set at 32 and 24 respectivély and the program uses less than 32K,
i.e., 32,000 Univac 1108 computer words. These limits are not fixed.

More detalls can be found in the discussions under Computation Time and Core.



FEATURE SELECTION

A brief description of the notions of pattern recognition and feature
selection as they are often applied in processing multispectral scanner
data follows.

A series of n measurements are made on an object. This series could
be composed of measurements of intensity of spectral radiation in n bands
(channels) of a multispectral scanner. A series of measurements on an ob-
ject can be considered an n-dimensional observation vector. Given m multi-
variate normal popu;ations (classes), we are to decide to which class the
observation vector most likely belongs. 1In general, it is not practical
to use all n measurements in making this decision (classification) because
of computer ﬁime cdnstraints.r We want to select some subset k of n channels
which will enable us to classify the data in an ac;ufate manner. Often
there are many subsets to choose from. For example, the DTL requires that
k=4 and in working with 24 channel scanner data, there are more than ;0,000
24

possible channel subsets - (4) . We use divergence to help us choose a

channel subset.
DIVERGENCE

All of the criteria used by CHOICE are based on divergence. The appli-
cation of divérgence to feature selection was proposed by Marill and Green
[10], and an interesting discussion on the subject is given by Fu [11].
Diﬁergence is given a very general definition by Kullback [7] and is based
on considerations from information theory. Kullback argues that divergence
is an appropriate ''distance" between arbitrary distributions and asserts it
to be "a measurement of the difficulty of discriminating" between two dis-

tributions [7, 10]. In the case of two multivariate normal populations with
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equal covariance matrices, it can be shown that the probability of classi-
fication error is a monotonically decreasing function of divergence [11].
In the less restricted case of more than two populations with unequal co-
variance matrices, there is experimental support for using divergence [10].

Criteria based on divergence have come under attack Because they have
not been explicitly expressed in terms of probability of error in the more
general cases. Fﬁrther, specific examples can be cited where the average
patrwise divergence criterion does not yield the minimum probability of
error [6, 15]. Although these criticisms are valid, criteria based on
divergence have proved to be a useful gulde in working with multispectral
scanner data and in attempting to improve classification results.

In the case of several multivariate normal populations (clésses),

the pairwise divergence between class i and class j reduces to:

Jyg =% er{(Ry- Ky KyI-KyD P+ %5 er (uy- up) ! GG o) (D)

where:
tr - trace
T - transpose
uji - kxl mean vector of class i
Ky - kxk covariance matrix of class i

K{l inverse of the covariance matrix of class 1

CHOICE actually computes the quantity Dij’ where Dij = Z(Jij).
Figure 1 illustrates some simple examples of class pairs and their
associated divergences. The data from which these statistics were calcu-

lated were acquired by an aircraft borne 12 channel multispectral scamner.
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Figure 1. Statistics calculated from actual data (flight line C-1)., Note the relation

between a large value of pairwise divergence and good separability.



This flight line (Flight line C-1) was flown June 28, 1966 for LARS and has
been widely reported on [2, 9].\ In Figure 1, ﬁrobability density functions
[£1(x)] are plotted for four classes in the single channel case (channel 1).
The mean respOnselof channel 1 for soybeans (170.0) is the average reading
of this channel as it "looked at" those soybean fields which were used in
trainiﬁg the pattérn recognition algorithm. The channel readings for a
class are usually assumed to be normally distributed about the class's

mean response. Thus, given the mean response and the standard deviation of
these responses for soybean training fields, the probability density function
for éoybeans can be graphed. Figure 1 illustrates, and the pairwise diver-
gence (YA = 3.1) indicates, that channel 1 would not be a "good" channel

to discriminate;fje_ffom alfalfa. .Howeaer, it would be a "good" channel to

separate soybeans from red clover as evidenced by the figure and by SR=56.9.
CRITERIA

Assume thé; we are'given n chénnels and are aéked to choose a subset
k of these, where k<n, by some criterion. CHOICE ranks the channel sub-
sets by five separate criteria. The first two of these are the samé as
those available with $SELECT. Unfortunately, £here is no one ﬁriterion that
is always "best". Thus, the software presents several raﬁkings to the in-
vestigator. An example of these chahnel subset rankings with k=4 for each
criterion is given in.the‘Appendix undef Example ﬁf Qutput. Data from |
Flight Line C—i was used in producing this output and is also listed in the
Appendix under Example of Input Data. Following is a description of the

fivercriteria used by CHOICE:

Criterion 1: Maximizing the arithmetic mean of the pairwise divergences."

The average pairwise divergence for a given chamnel set can be computed by



m-1 m
. 1 .
Div = E: D. here m is the number of classes
e Rlw-l) {31 =41 Y v

n
This average is computed for all (k) possible subsets. The channel

subsets which yileld the largest averages are saved and printed.

Criterion 2. Maximizing the minimum pairwise divergence.

The minimum pairwise divergence for a given channel set is given by

Divy, = min {Dj5} , i=1, m-1; j=itl, m

The minimum is computed for all (E) subsets. Those subsets which produce

the largest minimums are saved and printed.

Criterion 3. Maximizing the average divergence by class.

This is the criterion used at ERL most often in conjunction with the table
look-up. Sinéé the DTL can be run with a different set of channels for
each class, this criterion is used to help decide which subset of channels
best separates a class from all other classes. The average divergence for

class j for a given channel set is computed by

m
. _ 1 .
Dlvavg (ClaSS j) = m—.]_ i;l Dij’ 1#:]-
The class average is computed for all classes for each channel set. This
is repeated for all possible chanmel sets. The channel subset which yields

the largest average for each class is saved and printed.

Criterion 4, Maximizing the geometric mean of the pairwise divergences.
It seems reasonable to expect the difference between a divergence of 10
and 30 to be more'important than the difference between a divergence of 50
and 70 even though the delta in both cases is 20. For example, in the one-

dimensional two-class case with variances equal to one, we get the following:



Dij Average Probability of Classification Error
10 13.14%

30 : : 2.62

50 .62

70 .15

Criterion 4 gives more weight for an improvement in separation from 10 to
30 than for an improvement from 50 to 70. The more widely available
ecriterion 1 considers these improvements of equal value. The geometric

mean is computed for each channel subset as follows:

1 m—1 m
Div = — I l Di
geo mi{m =1 i=4+1 k|

, o A
This mean is computed for all possible subsets - (k) - and those channel
cubsets which yield the largest geometric means are saved and_printed.
Criterion 5. Méximizing'the pairwise divergence for each class pair.

ij

yields the maximum divergence for each class pair is saved and printed.

D;. is computed for each (ﬂ) subset of channels. That channel set which

This is most useful in working with hard-to-separate classes. In the

worst case, it will indicate to the investigator that no matter which

channel set is selected, it will not be possible to separate the two classes.
In less severe cases, it will indicate the most separability to be expected
and which channel set will provide it. (This assumes that the channels will

not be transformed. See discussion under Uses and [14].)

COMPUTATTON TIME

There has been some discussion that it is not feaéible to do an ex-
haustive search when the number of channels is large [2, 17]. By incor-

porating some efficiences, we have found we can routinely process 24



channel scanner data using the exhaustive search technique. A typical task
to select the "pest" & of 22 channels for 12 classes takes 9 minutes on a
Univac 1108 computer.

In order to handle more than 12 channels in a timely manner, we
decided &t would be necessary to rewrite the feature selection software and
not just modify LARSYSAA. There were two key changes which accounted for
considerable time-savings.
1. Input/Output

No input/output (I/0) is done during the exhaustive search loop.
Because of their generality; Fortran formated read and write commands are
quite expensive in both throughput and in execution time. CHOICE circum-
vents doing an 1/0 after each set of divergence calculations by immediately
testing whether this channel set ranks in the top group of channel sets for
each criterion. Each group is made up of those sets which have exceeded
all the preceeding channel sets in maximizing a particular criterion. if
the set is not ranked in any top group, it is discarded. If it isltop—
ranked, then the channel set is saved using a bit manipulation function.
With this technique only ﬁne 36 bit Univac 1108 word is required to store
a channel set. (Hence the limitation of 36 channels.) At this point the
pairwise divergences are discarded in order to conserve core. The search
is continued until all possible subsets have been considered. At the com-
pletion of the search, the divergences for those top-ranked channel sets
(which usﬁally number less than 50) are recomputed and printed.
2. Matrix Inversion

In a case where we have 12 classes and are asked to select the best 4
of 22 channels, we must perform over 85,000 matrix inversions, and these

comprise a significant portion of the total computation time. A procedure



based on the bordering technique [5] was incorporated into CHOICE to inveft
the lower triangular matrices. This procedure takes édvantage of the fact
that the matrices are symmetric. In a test, this procédure was about five
times as fast as the more general and widely used matrix routine MINV.
MINV‘uses the Causs-Jordan reduction technique and does not capitalize on
the symmetry of the matrices. |

An empiricallformula which can be used to roughly estimate the computa-
tion (CPU) time of CHOICE in minutes is: |

n m

time = \k 2 where n - total number of channels
50,0007

k - number of channels in subset to be chosen

m - number of classes

Take, for example, the theoreticaiiy important two-class case. Let us

estimate the time to choose the best 4 of 36 measurements.

6 2
time = 4 2
50,000

time =

1.2 minutes
CORE

CHOICE was written such that its core allocation can be easily changed

for different applications by changing parameter cards.

Rarameter ' ‘ Meaning Current Setting
m . maximum numbér of classes 32
n . maximum number of chanmnels 24
k maximum size of best subset - 12



Parameter 7 Meaning Current_ Setting

<

P1

P2

maximum number of show requests1 10

maximum number of top-ranked sets
to print for criteria 1 and 2 _ 20

maximum number of top-ranked sets
to print for criteria 3 10

~The following formula can be used to calculate the amount of core

required (in U1108 words).

Core = 10,500+ni[n+n(n+1)/2+k+k(k+1) /244 ]+k (s+1)4n(n-1) (py+4)/ 2+4py

All parameters. must be greater than or equal to one. The number of channels

must be less than or equal to 36, and the number of classes must be greater

than or equal to 2.

USES

Just as with the LARSYSAA separability processor, there are several

areas in which the investigator may find CHOICE useful in processing multi-

spectral data.

1

2)

The primary purpose of the program is to indicate which subset of
measurements might best be uéed in deciding to which of several
classes an unknown element belongs.

The program can indicate those classes which cannot be separated
with'the giveﬁ set of measurements, no matter which subset we choose.
For exampie, CHOICE may indicate that white sand and concrete look
spectraliy very similar when observed from space under certain illu-

mination conditions. The investigator must decide whether to group

1A show request refers to a request by an investigator to see the pairwise
divergence printed for a channel set of interest--one that is not necessarily
top-ranked. '

10



these materials into one class or to drop the materials from the
classification.

3) Training fields for the same class can often be quite different
spectrally. A decision must be made as to which training fields
can be pooled into one population and which cannot. CHOICE can aid
in this decision by indicating whether the two training fields are
spectrally "close" or not. "Closeness" would be indicated by
relatively low pairwise divergences.

4) Recently there has been developed a feature selection technique
that seems very promising [13, 14]. Basically this technique
determines a linear transformation Bx which can be used to reduce
the dimension of the data from n to k where n is greater than k.
This technique determines a k by n matrix B which maximizes the
so called B-average divergence. (One disadvantage of this tech-
nique is that it is currently.limited to 9 classes.) It is re-
commended that the best k of n channels be chosen as the initial
guess for the B matrix [3]. This is done in order to increase the
probability that the maximum found iteratively will be the global
maximum. It seems that CHOICE could be quite useful in initializing

B, e5peciélly when n is greater than 12.
SUMMARY

In this note, feature selection software (CHOICE) was described. CHOICE
was developed mainly to enable processing 24 channel scanner data and to

rank the channel subsets in a manner more compatible with the table look-up

11



clasaifier. A brief justification of the use of divergence was given. The
criteria used by CHOICE in ranking the various channel subsets were described.
Computer time and core allocation were discussed. Finally, some of the ways
the program has been used at ERL were given. The appendix gives an example
of a CHOICE computer run with real data. It also provides a description of

the software including logic flow and Fortran listings.

12
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Examples of Qutput

Task: Select the "best" 4 of 12 channels for 9 classes.
(data is from flight line C-1)

Computation time: 35 seconds

16



Criterion 1: Maximizing the arithmetic mean of the
pairwise divergences. (top two sets)}.
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D1SPLAY OF CHANNELS RANKED ACCORDING TO AVERAGE PALR-WISE DIVERGENCE.

CHANNELS= 1 9 11 12
AVERAGE PAIR-WISE DIVERGENCE= 443.0

MIMIMUM PATR-WJISE DIVERGEMCES 2%.8
RATIO OF THIS CHAMMEL SET WITH CHANMEL SET YIELDING MAXIMUM PERCENT SEPARATICH= .33

AVERAGE DIVERGENCE BY CLASS...

AVERAGE INTERCLASS DIVERGENCE FOR CLASS § = 173. M2
AVERAGE INTERCLASS DIVERGENCE FOR CLASS € = 268,075
AVERAGE INTERCLASS DIVERGENCE FOR CLASS O = 180.312
AVERACE INTERCLASS CIVERGENCE FOR CLASS W = 303,635
AVERAGE INTERCLASS CIVERCENCE FOR CLASS R = 654,247
AVERAGE INTERCLASS DIVERGEMCE FOR CLASS A = 696,094
AVERAGE INTERCLASS CIVERGENCE FOR CLASS Y 206,235
AVERAGE INTERCLASS OIVERGENCE FCR CLASS % = 1165.065

E = 339,303

AVERAGE INTERCLASS DIVERGENCE FOR CLASS
PAIR-WISE DIVERGENCE

€Sz  Z6.1 05=  TH.4 OCZ  76.6 WSt 2UZ.4 W= 324.5 WO= 10,9 RSz 209.% RC= 100.3 RO= 90.3 Rwe
AS= 1887 AC=  B2.2 A= S2.2 AW=  T33.0 AR= 25,8 Y$= 117.5 YC=  204.3 YO=  37.9 Yw=  52.6 YR=

YA= 439,3 XS= 346.8 XC=  921.4 XO=  BO4.1 X 299,56 XR= £962.8 XAS 32081.7 XYz  325.5 Es=  220.2 EC=
= . 152.0 Bw 31.5 ER= T47.5 EA= 725,9 Ev= 49,6 EX= 378.6

CHANMELS= & 9 1t 12
AVERAGE PAIR-WISE DIVERGENCE= 429.7

MINIMUM PAIR—WISE DIVERGEMCE= 24.8
RATIO CF THIS CHANMEL SET WITH CHAMNEL SET YIELOING MAXIMMM FERCENT SEPARATION= 38

AVERAGE DIVERGENCE BY CLASS,. ..

AVERAGE INTERCLASS DIVERGENCE FOR CLASS S = 157.74D
AVERAGE INTERCLASS DIVERGENCE FOR CLASS € = 259,006
AVERAGE INTERCLASS DIVERGENCE FOR (L ASS O = 171,964
AVERAGE INTERCLASS CIVERGENCE FOR CLASS W = 330,907
AVERAGE INTERCLASS DIVERCEMNCE FOR CLASS R = 647,225
AVERAGE INTERCLASS DIVERGEMCE FOR CLASS A = 689,260
AVERAGE INTERCLASS DIVERGENCE FCR CLASS ¥ = 199, 8%
AVERAGE INTERCLASS CIVIRGENTE FOR CLASS X = 10ar.277
AVERAGE INTERCLASS DEIVERGENCE FCR CLASS E = 325.354
PAIR~WISE DIVERGENCE
£8=2 27.4 O5=" &5.9 OC= 3.5 W5= 188.8 W= 3913 W= 121,4 RS= 225.2 RC= 82.4 RO 96.0 Rw=
AS=  P19,7 ACE 75.0 ACS 96.4 AWS  T52.3 AR= 24.6 YS= 50.1 ¥E=  133.0 voo 67,5 W= 203.0 YR=
YAz 414,27 XSz 340,3 xC= #29.8 xO= T01.D at= 190,2 xR= E831.5 XA= 3190.8 xr= 235.4 E5= 145.6 EC=
| L] 152 .8 Ew= 90.9 ER= 776.3 EA= 741.0 EY= 35.4 EX= 281 .1 .

il

18

874,86
423.3
409.2

ra0.0
438.8
3sr.7



Criterion 2: 'Maximizing the minimum pairwise divergence.
(top two sets) :

17



CLSPLAY OF CHANNEL COMBINATIONS RANKED ACCORDING TO MINIMUM PAIR-WISE DIVERGEMWCE

CHANNELS: 1 & 10 1)
AVERAGE PATR-WISE DIVERGZENCES N4.4

MINIMUM PAIR-WISE DIVERGENCES as.s
RATLO CF THIS CHANNEL SET WITH CHANNEL SET YIELDING MAXIMUM FERCENT SEFARATION= «22

AVERACE DIVERGENCE BY CLASS...

AVERAGE INTERCLASS DIVERGENCE FOR LLASS & = 159.2350
AVERAGE INTERCLASS DIVERGENCE FOR CLASS € = 231.253
AVERAGE INTERCLASS DIVERGENCE FCR CLASS Q= 140.843%
AVERAGE INTERCLASS PIVERGENCE FCR CLASS W = 3t4.447
AVERAGE INTERCLASS DIVERGENCE FOR CLASS R = 391,805
AVERAGE INTERCLASS DIVERGEMCE FOR CLASS A= 423,808
AVERAGE INTERCLASS DIVERGENCE FCR CLASS ¥ = 190,141
AVERAGE INTERGCLASS DIVERGENCE FOR CLASS X = 57€.936
AVERAGE INTERCLASS DIVERGENCE FOR CQLASS E = 320,199

PAIR-WISE DIVERGEMNCE

<= 35.6 C5= 25,1 = 122.3 W5~ 231.8 W= 387.,2 WO= 89.1 R5= 184.2 RC= 132.7 RO= 87.8 R~ %41.8
AS= 171.6 AC= 111.8 AD= 110.6 Avs 665.9 AR= 8.2 Y5+ 121.1 YC=  215.0 YO= £3.3 YW 184.5 YR= 299.6
YA= 310.0 xs= 152.0 XC= 4%55.1 o= 416.6 0= 331.6 XR= 1233,8 ¥AT 1333.9 XY=  272,9 ESS 212.4 €C= 383,3
0= 3439 BEwe BG.% ER= 609.2 EA=  648.5 EY= 57.7 EX= 419.%

CHAMNELS= 1 6 10 12
AVERAGE PAIR-WISE DIVERGENCEZ 295,.2

MINIMM PAIR-WISE DIVERGENCES — 34.1
RATIO OF THIS CHANMEL SET WITH CHANNEL SET YIELDING MAXJMUM FERCENT SEFARATIONS .15

AVERAGE DIVERGENCE BY CTLASS...

AVERAGE INTERCLASS DIVERGENCE FOR CQLASS § = 152,510
AVERAGE IMTERCLASS DIVERGENCE FOR CLASS € = 221.552
AVERAGE INTERCLASS DIVERGENCE FOR CLASS © = 133.666
AVERAZE INTERCLASS DIVERGEMCE FOR CLASS W = 305,257
AVERAGE INTERCLASS CIVERGENCE FCR CLASS R = 395,266
AVERAGE INTERCLASS DIVERGENCE FCR CLASS A = 45,6599
AVERAGE INTERCLASS DIVERGENCE FOR CLASS ¥ = 198,005
AVERAGE INTERCLASS DIVERGEMCE FOR CLASS X = 546,567
AVERAGE INTERCLASS DIVERGENCE FOR CLASS E = 303,221

PaIR-wISE DIVERGENCE

cs=  35.0 0s= 89,7 OC=  122.3 WET  22B.L WCT  364.3 W= 86.6 RSS 215.6 RCT  157.2 £O=  BZ.4 R= 529.5

as=  tes.s Acz  123.1 AGS 997 A €12.3 ARz 34,1 ¥SE 1243 ye=  211.6 YO=  89.1 MW 181.4 YR 3aZ.4
yar 330.7 xs=  $30.8 ¥C=  394.9 0= 382.0 W= 338.3 xR= 1229.3 XS 1232.0 xy= 263,9 €5=  209.3 EC=  361.9
For  336.2 Ew=  103.0 ER=  STI.Z EAs  S83.7 E¥=  60.6 Ex=  401.0

il

20



Criterion 3: Maximizing the average divergence by class

1. Summary print. For example, channel set
(1, 8, 11, 12) yields the largest average
divergence for class Rye (Y}-223. Also,
if this set is used, Bare Soil (X) has an
average divergence of 924 from all other
ctasses.

2. Expanded print. The first set is (1, 8, 11, 12);
the "best" set for detecting Rye. The second
set is (1, 9, 11, 12); the "best" set for
detecting bare soil.



MATRIX OF DIVERGENCES FOR CHANNEL SET YIELDENG THE MAXIMUH SEPARATION OF A CLASS FROM ALL OTHER CLASSES

FEATURES 3 [ Q w R A Y H E

T 913112 8 174, 268, 180, 304, 54, €56, 206. 1165. 339,
1 911312 C 174, 268, 180, 304, 454, €96. 208, 1185, 339,
1 911120 1rs. 268, 180, 304, 654, 698, 205, 1169, 389,
T 86 %A1 W 163, 247, 152, MG, 489. 518, 204, T43, N7,
1 91312 R 174, 268. 180. 304, 834, 696, P06, 1165. 339,
8 9 1% 12 A 1IBY. 220, 137r. 243, B4%, "6, 182. 1133. 323,
1 & 11 12 ¥ 163, 233, 165, 281, 355, &0y, 223, 924, 353,
1 911 12 X 174, 268, 180, 304, 654, 636, 206, 1165, 339,
1 8 911 E 160, 244, 146, 287, 489. Siy, 2093, 751. Ms7.
DIAGONAL 174, 268. 1€0,. 346, 654, 706, 228, 1165. 3I67.

il
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CHAMNELST 1 & 11 12
AVERAGE PAIR~WISE DIVERGENCE= 3591 .4

MEINIMUM PAIR-WISE DIVERGENCE= 235.7
RATIO OF THIS CHANNEL 3ET WITH CHAMNEL SET YIELDING MAXIMUM PERCENT SEPARATION= w24

AVERAGE DIVERGENCE BY CLASS...

AVERAGE INTERCLASS DIVERGENCE FOR CLASS 5 = 164,967
AVERAGE INTERCLASS CIVERGENCE FCR CQLASS C = 235.160
AVERAGE INTERCLASS CIVERGENCE FOR CLASS O = 165.692
AVERAGE INTERCLASS DIVERCERCE FCR CLASS W 201.203
AVERAGE INTERCLASS DIVERGENCE FOR QLASS R 538,932
AVERAGE INTERCLASS DIVERGERCE FOR CLASS A = 605,938
AVERAGE IMNTERCLASS DIVERGENCE FCR CLASS ¥ = 222.99%
AVERAGE INTERCLASS CIVERGEMCE FCR CLASS X T 923.967
AVERAGE INTERCLASS PIVERGEMCE FOR CLASS E = 362,898

PAJR-WISE DIVERGENCE
cs= 23.7 O5= 87.7 = 65,7 W= 172.1 WC= 270.6 W= 26.3 RS~ 297.2 RC= 100.4 RO= 7€.1 RW= s12.7

AS= 193.7 AC= 83.3 A= 83.6 A= 698.2 AFR= 24.9 Y5= 156.0 YC=  248.8 Yo 32.6 Yw= 50.5 YR= 422.1
YA=  458.5 XS= 238.3 xXC= 620,58 xo= 660.0 X 295.3 xR= 2301.1 XAz 2321.6 xy= 344.0 €5= 241.0 EC= 446,2
=©0o= 1683.7 BEW= 84.0 ER= T2T.1 EA= 769.6 Ev= 50.7 Ex= 410.9

CHAMNNGES: 1 9 11 12 .
AVERACE PAIR-WIEE DIvERcsrres 443.0

MINIMUM FPAIR-WISE DIVERGENCET 25.8

RATIO OF THIS CRANMNEL SET WITH CHANNEL SET YIELDING PAXIMUM FERCENT SEFARATICON= 33

AVERACE DIVERGEMCE BY CLASS...

AVERAGE INTERCLASS DIVERGENCE FGOR CLASS § = 173,12

AVERAGE INTERCLASS DIVERGENCE FOR CQLASS € = 263,075

AVERAGE INTERCLASS BIVERGENCE FCR CLASS © = 180, 312

AVERAGE INTERCLASS CIVERGEMNCE FOR CLASS W 303,638

AVERAGE INTERGCLASS DIVEFGENCE FOR CLASS R = 654,247

AVERAGE INTERCLASS DIVERSENCE FOR CLASS A = €96.034

AVERAGE INTERCLASS DIVERGENCE FOR CLASS ¥ = 206,235

AVERAGE INTERCLASS DIVERGENCE FOR CLASS X = 1165.065

AVERAGE INTERCLASS DIVERGEMNCE FOR CLASS E = 339,305

PAIR-WISE DIVERGENCE

5= 26.1 O5= va.4 OC= 76.6 WS 202.4 W 324.5 W 110.9 RS= 29,5 RC= 10G.3 ROz 90,35 M= ET4.8
AS=  189.7 AC= 2.2 AC= 92.2 AW 733.0 ARs 25.8 Y& 117.5 YOz 204.3 YO= 37.9 Yw= 52,6 YR=  423.3
YAS 438.3 X5= 346.8 XC= o918 XCE BUOg 1 X EY2,6 Xk= 2952.8 XAT J2éi.r kY= 2¢5,5 E5= “eD.¢ EC= AUy, 2
| ce i 152 .0 Ew= 31,8 ER= TAT.S EAS TE25.9 Evy= 49,6 £)X= 378.6

23



Criterion 4: Maximizing the geometric mean of the pairwise divergences.
This criterion is also referred to as "per cent separation”.

24



DISPLAY OF CHANNEL COMBLNATIONS RANKED ACCORCING TO MAXIMUM FERCENT SEFARATICH.

CHANNELS= 1 & 9 12
AVERAGE PAIR-WISE DIVERGENCE= 355.5
MINIMUM PAIR-WISE DIVERGENCE= 271.%

RATIO OF THIS CHANNEL SET WITH CHANNEL SET YIELDING MAXTMUM PERCENT SEPARATICN=

DIVERGENCE
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS

AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

B8Y CLASS...
CIVERGENCE
DIVERGENRCE
DIVERGENCE
DIVERGENCE
CIVERGENCE
DIVERGENCE
DIVERGENCE
CIVERGENCE
CIVERGENCE

PAIR-WISE DIVERGENCE

8= 27.9 O5F T4.68 OC=
A5z 187 .4 AC= TG4 A=
YA= BI56.T XS= 244,3 xC=
S 145 .6 BEW= 99.4 ER=
CHANNELS= 1 ¢ 9 11

AVERAGE PAIR-WISE DIVERGENCES

MINIMUM PATR-WISE DIVERGENCE=

RATIO OF THIS CHANNEL SET WITH CHANNEL SET YIELDING MAXIMUM PERCENT SEFARATION=

D1 VERGENCE
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS
INTERCLASS

AVERAGE
AVERACE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

BY CLASS...
CIVERGENCE
CIVERGENCE
CIVERGENCE
DIVERGENCE
CIVERGENCE
LIVERGENCE
CIVERGENCE
CIVERGENCE
DIVERGENCE

PAIR—WISE DIVERGENCE

<s= 27.6 O3= 81,2 OC=
AS= 171.,7 AC= 9.0 AC=
TA= 357.0 X5= 24%.1 XC=
o= 1536.2 EwW= 80.4 ER=

FOR
FoR
FOR
FOR

FOR
FCR
FCR
FCR

CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS

Mmx=>» 3% 0N

B6.4 WS

103,
650,
Ti0,

3 AW
9 =
8 EA=

336.3

27.6

FOR
FOoR

FOR
FCR
FCOR
FOR
FOR

CLASS
CLASS

Q.A5S
€L.ASS
CLASS
CLASS
CLASS
CLASS

m»x <> 30 ONH G

91.2 wWS=

112,
€54,
739.

3 Aws
2 xXO=
€ EA=

1.00

165.568
241.U99
148.228
343.142
= 306,152
= 508,696
208.093
764,826
317,945

1

Z46.1 WC=
T42.2 AR=
502.3 X
608.7 EY=

404 .3 WO
3r.8 YS5=
250.4 aR=
%6.4 EX=

111.7 RS=
120.2 yC=
1845.9 XA=
3.7

214.0 RC=
198.6 YO=
1956.9 xy=

108.2 RO= B88.2 Rw=
71.7 W= 204.2 YR=
2e2.2 Es= 210.1 EC=

.89

= 162.92¢6
= 246.965
= 151.837
= 346.474
= 489,120
= 3t7.510
= 203,546
= 742,910

347,346

420, 7 We
38,1 YsS=
205.7 XR=
53.31 EX=

249.8 WC=
T72.5 AR=
802 .4 Xe=
Te1.9 EYs

1310.3 RS=
117.8% ¥C=
17T21.5 2A=
354.8

187.0 RC=
203.0 YC=
1897.6 xr=

0.6 RO+
64.8 Tws
grz.0 Es=

96.2 KW=
196.7 YR=
223,4 EC=

25

646.8
396.7
I7TT.1

€53.7
364.3
415.4



Criterion 5: Maximizing the pairwise divergence for each class pair.
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bIBFLAY OF ﬂHANNEI. COMBINATIONS YIELDING MAXIMIM PAIR-WISE DIVERGENCE,

Lass
FAlR

NND R PRSI RNESIFAASEEEALTIRRENEREE

il

MAX
[} ¥

36.5.

3.1
122.»
265.8
441.0
121.4
26.8
157.2
104.7
0.0
219.7
1231
11s5.8
T70.4

3a.2
1r3.2
&rd.s

1.7
£33.8
439.0
438.6
IELD
833
204.1
338.3

3008.5
337,35
344.0
263.2
469.3
163.,7
105.1
ais.z
226.5

62,4

433.2

AVG
orL)

2.2
04,4
304 .4
2az2.2
332.2
429.7
zez.9
r95.2
332,2
429 .7
429.7
295.2
2z28.2
37,3
4.4
160.5
177.2
355.3
202.5
429.7
nat L4
416.5
403 ,7
443,00
£95.2
416.6
416.6
391.4
307 .4
355 .4
391.4
264.4
332.9

»33.3

202.1
319.1

B HDNNDENOYOLD E @OV NANNGRARON OO AITOSOW

10
1D
10

10
11
11
10
10
11
11
10

13
11
11
10
11
12
12
1z
11
12
12
12
19
13
11

10
2
106
12
12
12
12
iz
12
12
iz

11
11

iz
11
11
12
11
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Show Requests

28



DISPLAY OF CHANNEL COMBIMATIONS REQUESTED BY #SHOMWe® CARDS.

CUNNELSE 3 9 11 12
AVERAGE PATR-WISE DIVERGENCEZ 44%.0

MINIMUM PAIR-WISE D1VERCENCE= 25.8
RATIO OF THIS CHANNEL SET WITH CHAMNEL SET YIELDING MAXIMUM FERCENT SEFARATICN= -33

AVERAGE DIVERGENCE BY CLASS...

AVERAGE INTERCLASS DIVERGENCE FUR CLASS 3 = 173,702
AVERAGE INTERGCLASS DIVERGENCE FOR CLASS € = 268.07%
AVERACE INTERCLASS DIVERGEMCE FOR CLASS O = 189.312
AVERACE INTERCLASS CIVERGEMCE FOR CLASS W = 303.635
AVERACE INTERCLASS CIVERGENMCE FOR CLASS R = 654 247
AVERACE INTERCLASS DIVERGENCE FOR CLASS A = 696 .094
AVERAGE INTERCLASS DIVERGENCE FCR CLASS Y 206,233
AVERAGE INTERCLASS DIVERGENCE FCR CLASS X = 165,065
AVERAGE INTERCLASS DIVERGEMCE FOR CLASS E = 339.30%

PATR-WISE DIVERCENCE .

cs= 26,1 C5= 78.4 OC= T6.6 Wo— 202.4 WC= 324.5 WOF 110,9 RST  209.5 RC= 100,3 RC= 90.3 RWE &74.6
AS= 188.7 AC= 82.2 A= 92.2 A= T33.0 AR= 25,8 Y5= 117.8 ¥C= 204.3 vo= 37.9 YW= s2.6 TR= 423.3
YaA= 439.3 X5= 346.8 xC= 921.4 xOx BO4.1 W™= £99.6 XR=  2962.8 XA= 3281.7 xy=  325.% ES= 220.T ECS 409.2
[ e 152.0 Bw= 3.5 ER= T47.3 EAS 125.9 EY*F 43,6 Ex= 3r8.6 ’

CHANNELS: 6 9 10 11
AVERACE PAIR-WISE GIVERGENCE= 33z.2

MINIMUM PALR-WISE DIVERGENCES 25.2
RATIO OF THIS CHAMEL SET WiTH CHANNEL SET YIELDING “AxIMUM FERCENT SEFARATIONS 04

AVERAGE DIVERGEMCE BY CLASS...

AVERAGE INTERCLASS DIVERGENCE FOR CLASS 3 = 135,941
AVERAGE INTERCLASS DIVERGENCE FCR CLASS C = 254.047
AVERAGE INTERCLASS DIVERGENCE FOR QASS O = 133,20%
AVERAGE INTERCLASS CIVERGENCE FOR CLASS W = 332.184
AVERAGE INTERCLASS DIVERGENCE FOR CLASS R = 471,094
AVERAGE INTERCLASS DIVERGENCE FOR CLASS A = 503.224
AVERAGE IMTERCLASS CIVERCEMCE FOR CLASS ¥ = 173,453
AVERAGE INTERCLASS CIVERGEMCE FrR CLASS X = £5% 091
AVERACE INTERCLASS DIVERGENCE FOR CLASS E 332,827

PAIR-WISE OIVERGENCE

c3=  3G.s ©5=  61.3 GC=  105.8 WSz 200.8 WC=  441,0 wO=  112.4 RS= | 167.0 RCS  104.8 RO=  106.7 Rw=  684.0

AST  169,3 AC=  102.8 ASS  109.9 AWs 7533 AR= 26.2 Y5= 33,7 Y€z 164.4 WX 58,9 YW= 206.6 YR= 359.3
YA=  339.F xS= 33,1 XC= 65,8 xOn  3ITA.T MW= 172.9 XR=  1550.2 XA= 1764.8 xY=  149,6 5= 165.8 £C=  4D1,2
[ 2= 131,9 Ew= 78.2 ER=  T70.6 EA=  T39.6 EY= 33,6 Exz  Z9%.7
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Software Description
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Routine

CHOICE
INPUT
DIVERG

DISPLA

DIV

Overview

Function
Main program. Coordinates subroutine calls.
Inputs and lists data cards.

Computes divergences, does exhaustive search,
and saves top-ranked sets.

Displays top channel sets.

Recomputes pairwise divergences for those
top-ranked sets to be displayed.

3



LOGIC FLOW

( Start )

CHOICE

INPUT

DIVERG

DISPLA

DIy

L
( Stop )
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Univac 1108 Exec 8 Stream

RUNID,ACCOUNTNO,PROJECTID,3,100

BRUN, P
@ASG,T  CHOICE,T,11848
@COPIN  CHOICE.
@FREE  CHOICE.
exqT  TLO0O3
data cards
OFIN

. MAGNETIC TAPE CONTAINING PROGRAM FILE
. TRANSFER PROGRAM FILE TO DRUM

. RELEASE TAPE

. EXECUTE CHOICE'S ABSOLUTE ELEMENT

See: Example of Input Data

. RUN COMPLETED

23



Fortran Listing
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CHOICE
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FOR .8 CHOICE,CHOICE

FOR, B4 -0D6/12-08°42 (2,0

MAIN PROGRAM

STORAGE USED® COCE (1} 0UDO25 DATA (D) 009011 BLANK COMMON(Z) 0000

COMMON BLOCKS®

0003
[~ sl
onos
ooos
o00oT

WITS
MAX
1. o
1MV
o1

o002
oo009 5
025416
005514
015735

EXTERNAL REFERENCES (BLOCK, NAME)

0010
0011
ootz
0013
004
o013
o016
omr

BSTORAGE
DOOD 0o0002
OuC4
0004

I

INPUT
DIVERG
DISFLA
NIMTRS
NLUS
KIO1 %
NICPS
NSTORI

ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)

oooo01
COoCo0
Qz4245
015733
0C4000
003050

[ =4

PRTORRRIRRRAINRS

o001
0004
o0as
DoAY
0007
ooy
o000y

050010
GoOoo2
024zo2
Oo0aa1
Ota3672
Ba3700
004120

INCLUCE SPEC,LIST

IMPLICIT INTEGER (A-T)

PARAMETER MAXCLA=32

ICEEASE IF MEETED,

PARAMETER MEMSMA=Z4
PARAMETER MBESTA=1Z
PARAMETER RSUMA= (MBESTA+1}HPRESTA/Z
PARAMETER SUMAZ (MXMSMA+1) #MAMSMA L2

COMMON/UNT TS/ CARD FRINT

COMMOH JHARFHXMSMT ,MAXCLS , MBEST , MSHO, MPRNT
COHMON ZTNP/ ZHEANM, ZCOV N HCL,

1536

VBEST
MBEST
FRINT
ZCAVE
=3 &
ZMBTd

0003 [ 000000 CARD

0055
0005
0005
0005
faxatg
ooay

D24244 MDTJ
D2eztt NCL

0Z4246 SHOW
DO1400 ZCOV
o00ved IMOLJ
015732 ZFCT

PARAMETERS , DIMENSIONS , COMNION

ALL IMNTEGER EXCEFT Z
MAX. ND. OF CLASSES., CAN

0G05

DOGs

aoar

oons
GO26

022203 CHAR
OO MERNT
024200 N4
005500 VEC
DOGOOD 201
000000 FMEAN
004700 2V

C. JONES NASA/ERL

JONES

MAX M3, OF MEASUEEMENTS (CHANNCLS) . CAN INCREASE.
HAX. NO. OF MEASUREMENTS IN “BEST" SUBSET

ANBEST, CHAR ,NFRT, MO T J  NSHOW, SHOW, B1 3
HOLDS MEANS FOR EACH MEASUREMENT, CLASS

DIMENSTON ZMEAN (MXMSHA HAXCLAY

SUM OF 1,2;...4N2,

IN

*BEST" SUBSET

S OF 1,2,...,MAX ND. MEASUREMENTS

170 UNITS~CARD REACER,

INFUT

FRINTER
MAXTMLMS

[raal

oo0s5
aous
0006
Goor

D24436
o0ono3
024243
1 000GGO
000600
015734

=) B

NFRT
VERS
ZINV
ZHIN



co118 24 DIMENSTION JZCOV (SUMA ,MAXCLA} MOLDS COVARIANCES (LOWER TRIANGLE)

0o114% 4] [ FOR EACH CLASS.

Qotil6 & PARAMETER FCTPRT=10 NO, OF COMBO™S RAMKED BY FERCENT TO BE PRINTED
nos1? ETY DIMENSION VEC (MBESTA) HOLDS UNIQUE COMBINATICN OF FEATURES (CHANNELS)
00120 2% COMMON /INY/ZINV, 2V, VEC INVERSION ARRAYS

00121 2% DIMENSION ZINV(RSUMA MAXCLA) HOLDS INVERSE COVARIAMCE MATRICES

00121 2% [ FOR EACH CLASS

voirz2 2% DIMENSICN ZV (MDESTA,MAXCLA) WORKING ARRAY WSED WHEN COMPUTING

00122 % [4 INVERSE By BCORCERING METHID,

00123 2% PARAMETER DSUM= (MAXCLA-1)HMAXCLA/Z "MAXCLA® COMBO®S TAKEN Two AT A TIME
o124 2% OIMENSION 2D1.J (BSULM) WORKING BUFFER FOR INTERCLASS DIVERGEMCE

00123 % DIMENSION CHAR (MAXCLA) HOLDS CHARACTER REFRESENTATION OF CLASSES

00126 < 3 COMMON /YC1Y/ ZCLJ,ZMDI ), ZMCDT ) 20T,

anize % CIMMEL S, ZHEDT S, 2CAVG  ZFCT, ZAVE, ZHIN FOR CIJ

o227 2% PARAMETER MSHOW=10 HAXIMLM ND. CF SHOW REQUESTS HONCRED

00130 2 DIMEMSICN SHOW (MBESTA,MSHOMW) HILES CHAMMNEL COMBO™S REQUESTED

DOE3: 2% PARAMETER MPRINT=ZD MAXIMUM MO, CF PRINT FEQUESTS TO BE HOMIRED

e} &1 2% PIMENSICN ZMOL L (CSUM,3) HOLDS MAX. DIJ,AvG. DIJ,PACKED CHANNEL WORD (FOW)
00133 2% DIMENSICN ZMCDT ) {MAXCLA,2) HOLCS MAX. C1J FOR CLASS,FOW

Do134 2% OIMENSICH ZMADI J (MERINT,2)  HOLDS MAX. AVG. DIJ,PCW FCR MO, FRINT REQUEST
oo1as 2% DIMENSION ZRMDT ) (MFRINT,Z) HALLS MAX., MIN. CIJ,FQWw FCR NO. FRINT REQUEST
o138 2% PARAMETER DSUM1=DSUM+L CLASSES TAKEN @ AT A TIME + 1 WORD

00137 2k DIMENSICN ZHMECL S (CSUML ,FCTRRT) £l1J"5 RANKED By FERCENT,FOW

0140 9% RIMNSION ZCAVG (MAXCLA) WORK ARRAY LUSED TQ FIND LARGEST CLASS AVG. DI
o143 2% DIMENSION D1J{CSUM} HOLDS CHARACTER OOMBO"S FOR O1J PAIRS

DO141 =4 END

DO142 T DIMENRSION VERS (2) LAST TIME ANY CHAMGE TO FROGRAM

00143 Az DATA VERS/“AFR 4-,%, 1973/

D1 4% B DATA CARD/S5/ CARD REACER UNIT

DoL47 B DATA FRINT/S/ FRINTER LMIT

00151 ™™ WRITE (FRINT,100) VERS  FRINT YERSICN NO.

00157 ex 100  FORMAT ("0 ,2A6,/,%0%) )

0o160 Sk CALL INPUT GET MEANS,COVARIANCES MO, OF MCASLUREMENTS (CHANNEL 5),

a1 80 1% C NO. CF CLASSES,DIMEMSICN CF "BEST™ SUBSET, DISFLAY INFO.

o016 1% CALL DIVERG COMFUTE DIVERGENCE FOR ALL GOMBIMATIONS AMND SAVE

o161 124 € THCBE €F INTEREST

oaiez 13% CALL DISFLA CUTPUT SEFARATICNS

oO1es 14% STOP

00164 1 5% B

END OF COMPILATION' N0 DIAGNOSTICS.

(i
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INPUT
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FOR 3 INPUT , TNPUT
‘FOR SKL-06/12-08'44 (2,0)

SUBROUTINE INPUT ENTRY POINT ODOSZO

STORAGE USED® COCE(1) DOOS34 DATA(D) ODO264 BLANK COMMON(2) (00000
COMMON BLOCKS "

o003 UNITS 000002
DO04 MAX 000005
0003 INP 023416
0006 INV Dos514
ooor oIJ 1573%

EXTERMAL REFEREMCES (BLOCK, NAME)

no10 . HREUS
o111 RICES
DOo12 NCUS
©O13 MNERRSS
DO14 NIOLS
o s MERRIS

BTCRAGE ASSIGMMENT (BLOCK, TYFE, RELATIVE LOCATICN, MAME)

cO00 DODoOT 107 Do DOD146 106F DoOD 000135 110F
0000 000174 126F pooo DOO2CO 13SF 0000 0DOZOZ 136F
voo1  DOO103 175G Dooel DODOL3 20F . 0001 Ooos10 2016
oooL 000157 224G 0001 DOO167 2336 o000t OOO1TE 2376
pog1  O0LAD0 305G 00Ot DI03S3 3316 0001 000360 33SG
CO01 000435 364G 0001 DDJ462 402G 0on1  DOO46T 4056
oo00 000071 BOF 0o01 009240 SOL oon0  BOGAYS 91F
0000  DOO143 95F Coo1 DDO31D 9L poos I DOCOOD CARD
oooo I 000006 1 pooo 000233 INJES pogoo 1 000002 )
0004 [ DUODOZ MBEST 0005 1 Dza244 MOIJ 00GO 1 000505 MM
0004 [ DUOODD MXMSMT 0005 1 024202 NBEST 0005 1 U24201 NCL
00Ds I 024245 NSHOW o003 1 DOO0ot PRINT poon 1 GOO004 PTS
0000 1 0OOO0O SUM voos  DOS500 VEC o007 015733 ZAVG
poor 000000 FOID oOos  DEOLOD ZINV ooo7 504000 ZMACTY
poOos R OODOOD ZMEAN pooy  O15¥34 ZMIN poo7  DO4050 ZWOld
0O0s  DO4YOO 2V

po101 1« SUBROUTINE INPUT

00104 P C

o103 3ax INCLUDE SPEC,LIST PARAMETER S, DI MENS TONS , COMMON
Qo103 - <

pot04 % IMPLICIT INTEGER (A-¥) | ALL INTEGER EXCERT Z
00105 Sk PARAHETER MAXCLA=32 MAX. N0, OF CLASSES. CAN

pol05 3% € INCREASE IF WEECED.

(i

%

0000 COUIES 115F
0000 DOOZID 150F
DOO1  DOMA34 2116
poD1 DOOOes 3L
na0r  DODM12 350G
OOOD  DDODEA SOF
ooo1  DOO2ST 921

o00s 1 04203 CHAR
0000 1 000503 K
0004 I 00GO04 MERNT
0005 I 024200 NM
o0oo I DODO01 RSUM

ooz 015672 ICAVG
ogn7 093700 ZMCDIL
oDo7 004120 ZMEDTY

JONES

39

Dass
ono?
oGar

00012
ooaz2l
0Doo141
0Coz73
D00417T
DOOO66
aoa12a
024436
000001
OOoa93
D244
Uz24246
001400
aI9TED
015732

123F
160F
2156
aneG
3sac
TOF
93F
DI}
MAXCLS
MSHO
MFRT

Zoov
2MDI S
2PCT



3888
-:E-o
£L5%%
oo
* * 8

:
]
AL R R R R332 2222222 R R0

88
A3
it

o1 T tes
o173 19%

oo17T Zix
oazte 22%
oazoT 21 ]
00210 Eax
o0213 Eir

i

10

3a
40
30

PARAMETER MXMSMA=24 MAX MO, OF MEASUREMENTS (CHANNELS). CAN TNCREASE.
PARAMEYER MBESTA=1Z MAX. ND. OF MEASUREMENTS IN *BEST" SUBSET
PARAMETER RSUMAT (MBESTA+1) ¢MBESTA/Z SUM OF 1,2,... N0 IN "BEST"® SUBSET
PARAMETER SUMA= (MXMSMA+1) 3MXMSHA /2 SUM OF 1,2,... HAX NO. HEASUREMENTS
COHMOH/UNT TS/CARD, PRINT 1/0 UNITS—CARD REACER, PRINTER
COMMON  FMAX/MXMSHT { MAXCLS ,MEEST + HSHO, MERIT MAXIHLMS
COMMON /INF/ ZMEAN, ZCOV, N, NCL,
MBEST , CHAR (NFR T HOT 3 {NSHOW, SHOW, BT ) INFUT
DIMENSION ZMEAN (MXMSMA MAXCLA) HOLES MEANS FOR EACH MEASUREMENT, CLASS
DIMENSTON ZCOV {SUMA, MAXCLA) HOLDS COVARIANCES (LOWER TRIANGLE}
FCR EACH CLASS.
PARAMETER PCTPRT=19D NO. OF COMBO"S RAKKED BY FERCENT TO BE FRINTED
DIMENSION VEC (MBESTA) HOLES UNIGUE COMBINATION OF FEATURES (CHANNELS)
COMMON FINY/ZINY,ZV,VEC INVERSION ARRAYS
DIMENSION ZINV{RSUMA ,MAXCLA) HOLDS INVERSE COVARTANCE MATRICES
FOR EACH CLASS

DIMENSION ZV(MBESTA MAXCLA} WORKING ARRAY USED WHEN COMPUTING

’ INVERSE BY BCRDCERING METHOD.
PARAMETER DSUM= (MAXCLA-1) FHAXCLA/Z RAXCLA® COMBO"S TAKEN TWO AT A TIME
DIMEMSION ZDIE 1 {DSUM} WORKING BUFFER FCOR INTERCLASS DIVERGENCE
DIMENSICN CHAR [(MARCLAD MALDS CHARACTER REFRESENTATICHN OF CLASSES
oOMMON /YCLIZ ZDLL 2MET, ZHCELE, ZMACT Y,
AT 3, IHECT D, ZCAVE  2PCT , ZAVG s ZMIN FCR UIJ
PARAMETER MSHOW=1D MAXIMM NO. CF SHOW REGUESTS HONORED
OIMENSION SHOW (MBESTA MSHOW) HOLDS CHAMMEL COMBOS REQUESTED
PARAMETER MFRINT=E0 MAXTMUM NO. CF FRINT REQUESTS TO BE HCNCRED
DIMENSICN 2MDTJ(BSWM,3) HOLDS MAX. DIJ,AVG. DI1J,PACKED CHANNEL WORL (POW)
DIMENSICH ZMCDT S (MAXCLA ,2) HOLDS MAX. CIJ FOR CLASS.FOW
CIMEMSICN ZMARLJ (MFRINT,Z) HOLDS MAX. AVG. D1J,FCW FOR NO. FRINT REQLEST
DIMENSION MBI OFRINT,Z) HOLCS MAX. MIN. DIJ,POW FOR NO. FRINT REQUEST
PARAMETER DSUMI=0CSUtHHL CLASSES TAKEM 2 AT A TIME + 1 WORD
DIMENSTION ZMPDI 3 (BSUML FCTPRT) ClJs RAMKED BY FERCENT,F \
DIMENSICN ZCAVG (MAXCLA) WORK ARRAY USED TO FIND LARGEST CLASS AVG.. o1l
DIMEMSICN CTJ (DSUM) HOLES CHARACTER COMBO"S FCR DlJ PAIRS

READ (CARD, 157 NM,NGL MNBEST  ND. MEASUREMENTS,NO. CLASSES , SUBSET RANK
FORMAT (9%, 12,9%,12,6X,12) CHANNEL 5=xX CLASSES=XX BEST=XX
MAXCLS=MAXCLA  GET MAX. CLASSES FRCM FARAMETER STATEMENT
MOSMTZMAMSMA  DITTO FOR MAX. NQ. MEASUREMENTS

suM=sUMA  DITTO FOR SUM OF 1,...,MAX. NO. MEASUREMENTS

VBEST=MBESTA  DITTO FOR NO. ©F MEANS IN "BEST®

MSHOEMSHOZ  DITTO FOR MAX. SHOW REQUESTS

VERNTSMPRINT  DITTO FCR HAX. FRINT RESLESTS

RSLMCASUMA  DITTO FCR SUM CF 1,2,...,M0. IN “BEST®

IF (HXMSHT . GE .NM. ANE [MAXCLS . GE  NCL , AND . MBEST . GE.NBESTI 60 7O 30 Dul:‘\s oK
WRITE (PRINT, 20) HXMSMT MM MAXCLS NCL,MBEST, MBEST KO, ERRCR
FORMAT (* MAXIMUMS EXCEETED. CHECK CARD COLUMNS OF INFUT."./,

3= K. PEASUREFENTS ALLTWID=", 13, " ATTOAMTTED InCUT CCTALY=", 82,7

2° NO. CLASSES ALLOWED=",13,7 ATTEMPTED INFUT=",013,/,

" MAX. RANK SUBSET ALLOWEDT®, 13, ATTEMFTED INFUTZ",013)

RETURN O ERROR EXIT

po 40 J=1,NCL IMCEX THRU CLASSES, READ MEANS

READ (CARD, 50} - {ZMEAN (K, J} \K=1 N READ MEANS

FCﬁHAT(!!.5El$.Bl

PrS=(NM+1)eNM/Z  NO. POINTS IN LOWER TRIANGLE COV. MATRIX.SUM 1.2, 4 .
£o 80 J=1,NCL TNCEX THRU CLASSES. KEAD COVARIANCES.

READ (CARD, 50} (ZCOV (K, 9) ,K=1,PTS) READ LOWER TRIANGLE COV.

40



onZ1d 26w € READ IM CHARACTER REPRESENTATIONS CF CLASSES

ooz z2ra READ (CARD,TU) (CHARLJ),d21 ,NCL) CLASSESZC Oy une

00230 282 70 FORMAT (TX,36(1%,A1)})

0023t 29 =1 INITIALIZE INGEX FOR D1J CHARACTER PAIR

oazse 0 00 553 1=z2,NCL THE I OF DI

DO235 3 K=1-1 THE J IS ALWAYS SMALLER THAN THE 1

o236 323 DO 85 J=1,K THE 4 OF CIJ

Do241 3% D1J (M) =CHAR LT) GEY FIRST CHAR OF CLASS PAIR

onzaz T L FLD 6, 6,00 (MH) 1 =FLE (0,6, CHAR (1)) GET AND PACK 2-MD CHAR. IN CLASS FAIR
oZ43 IS 33 MM=MM Y BUMP PAIR IMCEX

ooZ4s 1) READ (CARD,BD)} NFRT,HDIJyNSHOW PRINT=XX HAX DTJzxXXXAX,NO. SHOW=XX
ooes3 apx BO FORMAT (6X,12,9%,15,10%,.12) NO, OF COMBO™S TO PRINT, MAXIMUM INTERCLASS
onz2sy B € DIVERGENCE ALLOWED, ND. OF SPECIAL SHOW

00253 39%
C o025y 4Dk € CHECK NO. OF FRINT AN SHOW REQLESTS

n

COMBINATICNS REQUESTEC.

00234 £1% IF (NPRT.LE. MFRNT} 6O TO 90 NO. OF FRINT REQUESTS EXCEFTED MAX,
o0Z56 42% WRITE (PRINT,91) MFERT MNFRT,MFRNT YES, FRINT WARNING

o263 a3z 9N FCRMAT (*0 N3, OF PRINT REW:X5T52",15,014,% TOO LARCE, HAXIMUM®
DOZ63 44% & ALLOVED 15=-,13, BRINT REGUESTS SET TO MAX.™)

oo264 a3 NERT=HMCRNT SET FRINT REQUESTS TO MAXTHLM

[« = -] 46% 90 IF (NSHOWLLE \MSHD} 6O TO 92 NO. OF SHOW REQUESTS EXCEEDED MAX,
' ooe26T a4TE WRITE (FRINT,93) NSHIW, NSHOW, MSHO YES, FRINT WARNIMNG )
oo2T4 48¢ 93 FORMAT ("0 NDJ. COF SHOW REQUESTS=",15,014," TOO LARGE, MAX TMLM™
o|o2T4e L3- ] %" ALLOWED I5=¢,13,* SHOW REQUESTS. SET TO MAX.")

o273 30 NSHOW=MSHD SET SHOW REQUESTS TO MAXIMUM

DO27T6 s1% 82 IF (NSHOW.E@.D) 6O TO 99 ANY SHOW CARDS

o000 Lo DO 94 J=1 ,NSHOW IMCEX THRU SHOW CARCS

o503 583 READ (CARD,95)  (SHOW(I,J), I=1,MNBEST) CHAMAEL 5=01,03,10, ...

00311 4> 95 FORMAT (8X,24 (1X,12)}

ona1z EE CONT IR

TCIs4 €L TR, WRITEAFRINT, 10

DO316 5T¥ 100 FORMAT (1H1 = INTERFRETATION OF CARD INCUT®)
oo s S8 C  PRINT CHAMMELS,CLASSES,BEST CHANMNELS

oustT 593 WRITE (PRINT , 11715 KM, NCL (MIEST

on324 ek 110 FORMAT (“0 CHANMELS=",12,* CLASSES=",[2," BEST=",12)
oo32s (-3 £2 WRITE(FRINT ,115)

o0327 [ e 1115 FORMAT ("0 INPUT MEANS®}

o030 &34 DO 120 J=1,NL INCEX THRL) CLASSES

Qo333 643 120 WRITE (FRINT ,225) (ZMEAN(K, 1) ,K=1,NM) FRINT MEANS
oo3az 65 125 FORMAT (5X, 5E15.8)

oO343 [~ PTS= (NM+1) M2 NO. POINTS IN LOWER TRIANGLE COV. MATRIX
0344 ETH WRITE (FRINT,126)

DO34S &8% 126 FORMAT ("0 INPUT COVARIANCES)

0O34T 69% Do 130 Jo1,NCL INDEX THRU CLASSES

onasz2 O 30 WRITE (PRINT,135) (ZCOV (K, J] ,K=1 JPTS) FRINT LOWER TRIANGLE COV.
o6l ik 135  FORMAT {5X,5E15.8}

0036 2R WRITE(PRINT,136) (CHAR (J),J=1,KL) PRINT CLASSES

o0a3ro I 136 FORMAT (0 IRPUT CLASSES =, 36(1X,A1)}

onn T A WRITE (PRINT, 130} NPRT, MOT S NSHCOW FRIMT=XX MAX, DIJ=XX NO. SHOW=XX
ousrs 754 156 FORMAT (0 PRINT=",I2," MAX CiJ==,15,* N3. SHOw=",I2)

o0377 TE& IF (MSHOW.EG .0) RETURN ANY SHOW CARDS

o401 rE: PO 155 J=1,NSHOW  INCEX THRU SHOW CARGS

oa404 TO%x 133 WRITE (PRINT,160) {SHOW(I, ), I=1,MBEST) BEST CHANMELS
Do413 o 160 FORMAT (0 SHOW CHANNELSZ",24 {1X, 12})

Do414 B0 RETURN

oos S a1 END

i
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FCR,8 DIVERG,DIVERG

FOR 93 -06/12-08'44 {1,0)

SUBROUTINE DIVERG

ENTRY POINT UOL7T4T

STORAGE USED® COLE (1] U01774 DATA(D) DODS20 BLANK CcoMMON (2} BUOOOD

COMMON BLOCKS®

oon3
OO0
e sL]
000G
oonT

UNITS
MAX
NP
NV
Yo14

000002
000005
025416
0oss514
15735

EXTERMAL REFEREMCES {BLOCK, MAME}

[Lally)
0011
ooy 2
ag:s
o014

STCHAGE

(il

MUY
NICeS
NIOL S
MERRGS
MNERA3S

ASSIGNMENT (BLOCK, TYFE, RELATIVE LOCATICN, MAME)Y

oo0026
oD0116
oooz21t
ooo247

. BoCR43

e L L L R

DO0346
000354
00C5450
00Q 1oz
000102
001313
DO1404
Do1511
001665
o01307
001523
024436
Dooys2
000 76
000201
024201
oooaot
ona162
000166
000140
0003 41
DOO146
poot4r

1466
204G
asie
2377
242G
TG
311F
350G
427G
500

575G
€356¢

OO0
oo
Dooo
0000
0000
HBOH
Dooa
00G1
0G0

3
3

Al

oooaan
ono132
000225
000256
000422
001146
Doo3sZ
000554
000720
051123
001330
[=.+} £ AR+
001550
001666
001423
oO0036
poSomD
COO135
000260
0U0004
04252
gz24246
050157
oan1 70
DOo136
000159
000155
0001886

154G
2106
Z232F
Z38F
R43F
3000
32F
3546
431G
sLG
654G
542G
236
770G
;1=

ael

aE

0001
©0o1

e

X v i b e

000064
003160
o0024%
03266
0oos27
00oAnT
050405
000600
OIT40
0Dai1e4
001343
001434
od1602
001701
001465
oot a7
ooogaz
OD00204
jrrsines ]
oDaoa3
024243
0aazas
D001 64
oonier
0cais?
000144
000151
0oo172

164G
2226
233F
239F
242F
304G
313F
366G
4456
5326
6126
655G
™6
TTEG

xcT
xIND

43

0001
0601
G001
0001
0001

Doo)
0001
0001
DOt
DooY
a.053]
0aGl
0001
0501
0093
Dooo

0a04

000104
ao0s593
o233
juxskjin]
D0O256
000424
DODass
=5 b dpya]
ooared
001243
GO1356
001451
D01626
OHE2T
01463
0009000
00G205
DO9133
aoonng
o rerss)

naenar
TosC4L

005500
009171
aoo1 73
onols2
0400443
000154
BL15733

2300
234G
24T
245G
076
317G
400
453G
551G
6216
6630
750G
8zL
91l
CARD
Il

HMBEST
HXHSHT
NoHO
VEC
WiJ

L

xd
XKK
ZAVG

0001

00a1

0001
fan il ]
aoo
oaG1
2.2,03
a.ral]
uiria) d
rea}
0001
0005
0000
falaia,s)
GOOs
00035
2009
alauc)
fa e )
o0
0nao
Baoo
0ooo
oonr

000334
000206
00nz45
000303
0oa3in
209331
0ao531
200680
an077Ts
oo1aTd
BO1365
001474
001637
00123
001525
024203
Q00424
onoL 34
fizdza4
24272
o001vs
09160
o165
Doa161
000145
ounIs3
Qoois52
015672

2a3L
23F
236F
241F
2606
310F
316
4176
456G
563G
625G
7006
7546
83
931
CHAR
INJF§
43
HCLJ
NBEST
TAIRS
WA

W
WU
xF
x4l
X
ZCAVG



0005 R GU1400 ZCOV o000 R 000163 ID auor R Qouonn 201J 0006 R ODDDUD ZINV
onor R 004000 ZMARLY 0007 R 003700 ZHCDLY poo? R OOL7ED ZMOLJ 0005 R 600000 ZHEAN
0007 R 004050 IHMDTY ono7 R 004120 ZWFOIJ 0007 R 013732 7FCT 0000 R DOAITS ZFOW

0006 R 004700 2V

g
[=]
-
-
»*

ooisn  10%

(T

g
8
222‘##33#3#33ttt##tt##S3#3######2##3#9#######2@

N

c

SUBROUTIMNE DIVERG
. JONES
INCLUDE SPEC,LIST PARAMETERS [DIMENSIONS , COMMON

INMITEALIZE “VEC® FOR UNIQUE INTEGER COMBINATION ALGORITHM

JONES
IMELICIT INTEGER (A-Y) ALL INTEGER EXCEFT 2
PARAMETER MAXCLA=32  MAX. NO. OF CLASSES. CAN

INCREASE 1IF MNEEDED.

END

PARAMETER MXMSHATRA  HAX ND. CF VEASUREMENTS (CHARNELS). CAN INCREASE.
PARAMETER MBESTA#12 ' MAX. NJ., OF MEASUREMENTS IN “GEST" SUBSET
PARAMETER RSUMA= (MEESTA+1) SMBESTA/Z SUM CF 1,2,...,N0 IN *BEST™ SURBISET
PARAMETER SUMA=T (MXMSMA+1 ) MXHSMA/Z SUM CF 1,2,...,MAX NO. MEASUREMENTS
COMMON/ UNT TS/CARD  FRINT 170 UNITS-CARD REACER, FRINTER
COMMON /MAX/MFCHSHT.MAXCLS.VSEST.PE&'D,WRM HAXIMUMS
COMMOH TN/ ZMEAN, Z00V HM, NCL,
NBEST,GMR,WET.W!J.NSPW.M,DIJ Ut
DIMENSION ZMEAN (MxMSMA,MAXCLA)  HOLES MEANS FOR EACH MEASUREMENT, CLASS
DIMENSION ZCOM (SUMAMAXCLA)  HOLDS COVARTANCES (LOWER TRIANGLE)
FOR EACH CLASS,
PARAMETER PCTRRT=10 MO, OF COMBO'S RANKED BY FERCENT TO BE FRINTED
DIMEMSICN VEC (MDESTA)  HOLDS UNIGUE COMBINATICN OF FEATURES (CHANNELS)
oMM ZINVAZINY, ZV, VEC INVERSION ARRAYS
DIMENSICN ZINV(RSUMA,MAXCLA)  HOLDS INVERSE COVARIANCE MATRICES
FOR EACH CLASS
DIMEMSICN ZV(MDESTA,MAXCLA)  WERKING ARRAY USED WHEN COMPUTING
INVERSE BY BCRDERING METHCD.
PARAMETER DSUM= (MAXCLA-1) 2MAXCLA/2 SMAXCLA" COMBOS TAKEN TWO AT A TIME
CIMEMSION 2014 @SWM)  WORKING BUFFER FOR INTERCLASS DIVERGENCE
DIMENSICN CHAR (MAXCLA)  HOLLS CHARACTER REFRESENTATICH OF CLASSES
oMo /YDIY/ 201J4,ZMC13, ZMCTT S, ZMADT Y,
wo0IJ, ZMPDTY ,ZCAVG,ZFCT.ZAVG,ZH[N FOR DIJ
PARAHETER MSHOW=1T MAXIMUM NJ, OF SHOW REQUESTS HONCRED
DIMENSICN SHOW (MBESTA , MSHOWD HOLES CHAMNEL COMBO™S REQUESTED
PARAMETER MERINT=20  MAXIMUM ND. OF FRINT REQUESTS TO BE MCHORED
DIMENSICN ZMDIJ{DSLM, 3} HOLBS MAX. DIJ,AVG. DIJ,FACKED CHANNEL WORD (FOW)
DIMEMSTON ZHCD T J (MAXCLA,2) MOLDS MAX. CIJ FOR CLASS,POW i
DIMENSION ZMADT J (MPRINT, 2} HOLDS MAX. AVG. CIJ,FOW FOR NO. FRINT KEQUEST
DIMENSION ZMMDT J (MPRINT . 2) HOLLS MAX. MIN. D1J,PCW FOR HO. FR!N‘I REQLEST
PARAMETER DSUM3=CSUM#1 CLASSES TAKEN 2 AT A TiME + 1 WRD
DIMENSTGN ITFEDI I DS, FOTRRTY BiJ"S RAMKED BY PERCENT)FOW
DIMENSICH ZCAVG (MAXCLA) WORK ARRAY USED TO FIND LARGEST CLASS AVG. CLJ
CIMENSTON DIJIDSUM) HOLDS CHARACTER CCHBO™S FOR TOIJ FAIRS

DIMENSION ELE (RSUMA) PRINT BUFFER. HOLCS ELEMENTS OF

COVARTANCE HATRIX ON ERROR .

DIMENSTON ZFRNT (MDESTA) FRINT BUFFER. HOLDS ROW

¢ OF COVARLIANCE HATRIX ON ERROR.

i0

Do 10 J=t,NBEST DIMENSICN IS “BESTT
VEC (=S SET TO FIRST WWIALE SET

44
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o02Y0
o273
00274

-

e
2=
13%
14%
15%
1863
1™
8%
19%

21%

3%
245
24%
A%
T4
244
2a4%

2435

24%
2ab
Zax
2a

24%
Sasx
245
243

2ak
g4
2a%
B4
2ax
paw
2as
Fyes
zas

VEC (MBEST)=VEC (NBEST) -1 EXCEPT FOR LAST COMPONENT
€ ALCORITHM FOR NEXT UNIGUE INTEGER COMBINATICN
95 Do 20 J=% ,NBEST GIVE ME NEXT UNIQUE COMBINATICON
J2=NBEST~J+1 INCREMENT MBEST™TH COMFONENT MOST CFTEN
J3=)2+1 YELLS ME IF 1 INCREMENTED THE MBEST®TM COHPONENT LAST
VEC(J2)2VEC LJ2) +1 INCREMENT J2°TH CCMFONENT
IF (J3.GT.NBEST) €O TO 49 15 THIS NBEST“TH COMFONENT
DO 30 JJ=J3,NBEST NOL INTTIALIZE NEXT LEVEL
30 VEC (JJ) ZVEC (JJ-13+1 SET HIGHER CROER TO LOWER ORCER COMP, +1
40 1F (VEC (KEEST) AE. N} GO TO 30 15 THIS LEGAL CCMBO.
20 CCHNTINLE O, INCREMENT THE MEXT LOWER COWFORENT.
RETURN UNIGQUE CCMBINATIONS HAVE BEEN EXHAUSTED
s0 CONTINUE CONMNECTOR, 1 HAVE A UNIQUE SLBSET
INCLUCE INVR,LIST MATRIX INVERSICH COCE

< JONES

¢ OOMPUTES INVERSE FOR *NCL™ MATRICES BY BCROCERING TECHNIGUE
<
€ THIS ALGCRITHM FERFORMS MATRIX INVERSICN ON A SYMMETRIC MATRIX.
£ SEF *STATISTICAL CCMPUTATIONS CN A DIGITAL COMFUTER® BY HEMERLE. FC 73
€ THE INFUT MATRIX 1S *2C0v= IN LOWER TRIANGLE FCRM
€ THE INVERSE OF "ZCOv* IS STORED IN"ZINV® IN LOWER TRIANGLE FORM,
¢ THIS PROCECWRE RESTRICTS ITSELF 1O THE 200 SERIES
€ AND TO INTERMAL FLAGS STARTING WITH "x*
211 DO 224 xCL=1,MCL RETUCE COW. MATRIX FOR EACH CLASS
XCT=0  COUNTS WHERE I AM IN REDIKED COW. MATRIX
DO 221 XC=1,MOEST RELLCED MATRIX CF RAMK *MBEST®
XI=VEC (XY RETRIEVE LOGICAL ROW INDEX
DO B2t KD=1,%C COLN INDEX FOft REDUCED LOWER TRIAMGLE MATRIX
RIZVEC (X RETRIEVE LOGICAL COLLMM TNCEX
XIND=X1%(XT-1} /24%) CONVERT TO LOWER TRIANGLE INDEXING SCHEME
XCT=XCT+% BUMP POINTER IN REDUCED COVARIANCE ARRAY
221 ZINVINCT,XCL)SZCOV (XTND, XCLY REDUCE CONARIANCE MATRIX FOR EACH CLASS
€ NOW COFUTE INVERSE
Do 222 XCL=1,NCL COMPUTE INVERSE FOR EACH CLASS
wF=1 FLAGS FIRST ROW ERRCR
IF (ABS {ZINV{1,XCL) ) .LT. .G0GO1) 6O TO 230 WILL T BE
€ DIVICING BY IERO
ZINV(1,XCL) 51 .0/ZINY (1, XCLY NG, TAKE RECIPROCAL
po 20t xk=2,MBEST INCEX THRU ROWS
Do 202 XI=1,XK INITIALIZE WCRK ARRAY TO ZERQ

2n2 Ivix1, x0)=0

XM=XK-1 UPFER ROW LIMIT
RO 203 XI=1, XM INCEX THRU ROWS
0o 204 XJ=3,XE IMOEX THRU COLUMNS
%I J= (XT-1)XT/2+Xd COMPUTE LOWER TRIANGLE INCEX FoR (I, 0]
WK J= (XK -1} XK/ 24XI BITTO FOR (K, J)
204 FV XD, XCLI=2ZV (X1, XCL) +ZTNV (XL XCLISZINV (XK, XCL)  COLUMN WORK VEGTOR
IF(xI-i3 D65,00%,00 ap0 1 THRU SOMOUTING WORK VOCTIR
205 XL=XI+1 HO, COMFUTE LOWER LIMIT AND CONTINUE
0O 208 XJ=xL, XM MULTIFLY THE XK"TH ROW BY THE XJ°TH COLUMN
205.S= (XK—1) BXK/E XS COMPUTE LOWER TRIANGLE INCEX FOR (K. J)
xJ::(xJ-n#x.l/zoxl DITTO FOR (1,1}
za8 FvxD, XCLI=EV (XT, XCLY +ZTNV (XKJ, XCLISZINV O T, XCL)  COLIMN WORK VECTCR
208 COMTINUE - GO TO NEXT ROW
DO 206 XJ=1,XM 6O THRU XJ°TH COLUMN OF THE XK“TH ROW
XK 4= (KE-1} EXRB+XS COMPUTE LOWER TRIANGLE INCEX (LTI} FOR (K,J}

z08 Z‘V(IK,KCL)=ZV¢XK,!CL)'ZlHV(KKJ.XCL)#ZV(KJ.XCL) XK*TH ROW OF COLWUMN VECTR
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oozTe
oO2T?

o030

oony
o3t
D313
oase
ooz
oo3zy
o324
oo2E

oas?s
ooaTs
004
00401
o404
o040
L0410
o0410
oty
DO414
00 14
o041
00415
DD423
00424
o2s
DO4 33
00434

2an
Z4n
Zas
24%
2as
e
Zan
2A%
AR
2an
24%
2a%
Bax
245
24%
24%
Pax
24
2a%
24
24%
24
2ax
2ax
24
24%
2am
2a%
A%
24x
2%
24%
24%
zax

‘2%

24%

24k

244
24z
L
24%
24

243
24%
245
Pl
Pk
245
2dX
24%
Ak
4=
24
24¥
24%
R4k

-

XKK = (AR +1)EXK /2 LTI FOR {K,K)

XF=2 FLAGCS FRROR OCCURRED ON OTHER THAM FIRST ROM
IF CABS (ZINY {XRK, XCL) -Z¥ (XK, XCLY D .LT . .00001) 6O TO 230

¢ BE GIVIDING 87 ZERO
ZINV (XK, XCL)Y =1 .07 (ZINV (XKK, XCL) =ZV (XK XCLY)
0O 207 %XJ=1,3H INBEX THRU ROWS
DO 297 izt ) INCEX THREU COLUMNS
XTIz (XJ-1)eXIr24 X1 LTI FOR W, D)
AKK= (XR+1)EXR/Z LTI FOR (K,K)

wilL 1

INVERSE OF ELEMENT (X,K)

207 ZINV (XIT, XCLY SZINV (0T, XCL) 4 ZINY (KK, XCLI =2V (XT , XCLFHZV (XJ, XCLY
o0 209 XI=1,XM INVERSE OF THE XK"TH ROW AND XI°TH COLUMNS

XL (XK =1)&X0 2] LTI FCR (K1}

209 ZINY OO, XCLY =-Z TNV (XKK  XCLY #ZV (X1, %XCL) (K1) INVERSE

201 CONTINUE G0 TO NEXT ROW
222 CONTINLE GO TO NEXT CLASS
GO TQ 240 SKIP ERRCR FRINT

¢ FRCBLEMS CN ATTEMPTING TO INVERT MATRIX
230 WRITE (PRINT,231}
#* CF THE FOLLOWING SUB-MATRIX®,//)
WRITE (FRINT,232)

232 FORMAT (" THE CIAGCHMAL ELEMENTS CANNOT BE ZERO."
= NO TWD ROWS CAN BE THE SAME.",//)

WRITE (FRINT,235)  {VEC({XC) ,XC=1,NSEST) FRINT FEATURES

233 FORMAT (1X,18,7115)
®.=0 COUMTS ELEMENTS IN LOWER TRIAMGLE HATRIX

DO Za4 xeT1,MNDEST INCEX THRU ND. CHAMNELS IN SUBSET

XI=VEC (XC) GET RGW INGCEX IN BIG GOV, MATRIX
DO 255 a=1,sC IMNCEX THRU COLLHRS
XJ=VEC (XL} GET oL, INCEX IN BIG COW. MATRIX

2351 FORMAT (1M1, "seERRCR#E ON ATTEMRT TO CCHMPVTE  INVERSE®,

g

,I) INY

XINC=X T (XI =3} /B+Xd COMEUTE WHERE ROW,CQL. ARE IN LOWER TRIANGLE
0.=x1 +1 BUMP COUNTER FOR NO. ELEFENTS IN LOWER TRIANGLE

ELE (xL) =XItD SAVE LOWER TRIANGLE INGEX
235 ZFRNT (XD 5200V (XTMNG, XCL) RETRIEVE NEXT
€ ELEMENT IN ROW FRCM BIC HATRIX

WRITE (FRINT 236)  {ZFRNT (XM} P XM=1,XC) FRINT THE ROw

236 FORMAT (1X,PE15.8)
£34 CONT ENUE 6o FRINT NEXT ROW
IF (X .EG.1) WRITE (FRINT,237) TESF ERROR FLAG
57 FORMAT (*0 ERRCR OCCURRER CON FIRST R, /)
1F (X5 .EQ.2} WRITE(FRINT,238} TEST ERRCR FLAG
238  FCHEMAT ("0 ERRCR BI0 NOT OCCUR O FIRST ROW™,//)
WRITE (FRINT,239) XCL

233 FORMAT (* THIS SUB-MATRIX IS LOCATED IN THE",13,3H°TH,

** COVARIANCE MATRIX."?
WRITE (PRTNT ,241) CHAR (XCL)

241 FORMAT (= TH1S COVARIANCE MATRIX 15 FOR CLASS ",AZ2,

*= AND IS5 FRINTED AS 17 WAS INFUT. ", /)

WRITE (PRINT,243) (ELE{XM},XM=1 P uLY FRINT LOWER

€ TRIANGLE INDEXED
243  FCORMAT (= CHECK ELEMENTS-",2514)
WPTS= {NH+ 1) MM/ 2 N2, PTS 1IN BIG MATRIX

WRITE (PRINT (244} {ZCON (XM, XCLY , XM=1 , XFTS) FRINT Bl MATRIX

244 FORMAT (6%, 5E13.8)
RETURN D FATAL ERROR. GET DUMP .
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26%
PG
goe
26
264
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26+
26%
256%
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26
RYH
zox

0k
35¥
32%

240 COMTINUE  CONNECTOR 1O SKRIP ERROR PRINT
£ND
ENCLUCE DIJ,LIST
NOW SEE TF THIS 1S A COMBINATION THAT SHOULD BE SAVED

TH1S PROCEDURE COMPUTES INTERGLASS DIVERGENCE AS FOLLOWS...
IM-MEAN VECTOR OF T7TH CLASS
D1 J-INTERCLASS DIVERGENCE BETWEEN CLASSSES T AND J
TA~TRACE. IE. SUM OF DIAGONAL ELEMENTS
IK~-COVARTANCE MATRIX OF 1°TH CLASS
JKIN-TNVERSE COVARLIANCE MATRIX OF J=TH CLASS
M-RANG OF MATRIX
DLI=TR (IKSIKIN & JKETKIND =248 +TR CLIKIMS IKINY & (TH-JHY & (T H-JM) )
NS FROCEDURE RESTRICTS [TSELF TO STATEMENTS IN THE 300 SERIES
AND TO INTERMAL VARIABLES STARTING WITH W.
wo=n FOINTS TO WHERE | AM IN INTERCLASS DIVERGENCE ARRAY
DO 300 WAZZ,NCL-  THE “[° OF THE D1J CALC. IE. CLASS L.
WESWA-T WPER LIMIT ON LOOP
DO 30D MWB=1 WP THE “J* OF THE DIJ CALC. 1E. CLASS J.
WETWCHE READY FOR MEXT DIJ CALC.
D1 ) G =0 INITIALIZE SUM
D=0  WORK CELL TO SUM LR OME INTERCLASS DIVERGENCE
DO 301 WI=1,MEEST  LOGICAL ROWS OF COV. AND INVERSC COW. MATRIX
0O 301 Wizt Wi LOGICAL COLUMNS
AKIVEC 01 ) GET ROW INZEX IN B1G MATRIX
wWL=VEC (W) GET oL INCEX
VKL= G —1) /2L TNCEX IN COVARIANCE MATRIX ([NIT REDUCER)
WIJ= 0T —1) ST /2 INCEX IN INVERSE MATRIX (RECUCET)
r=e ALl CFF DIAGCNAL TERMS ARE ACDED TWICE
IFOWI.EG.WJ) 251.0  ON CIAGCNAL TERMS ARE ADDED CHCE
ZD=Z04 ZEZCOV DKL WA SZINY 10 WB) TR (IK%JKIND
ID=Z04 24ZCON (WKL WBISZINY (W1, WAL TR JRRIRING
301 ZDSZDHZEAZ TNV (W1, WA) +ZTHY 0410 ,WB) )
1 (ZHEAN (WK s WA) - ZHMEAN (W10, 180D
2o (ZMEAN (Wb WA) —ZHEAN (Wl ,WB) ) TR  CERIN® JKTH) & (IM= JM)} % (IM=JM))
Z01J OWC) =Z0-24NBEST -2n
IF (ZDEJ 0uC) .GT.0) GO TO 300 15 DIVERGENCE FOSITIVE
WRITE (FRINT, 310} MO, WE MAVE ILLEGAL VALLE
330 PORMAT (1H1, "3 CRRORASE HAVE COMFUTED AN JLLEGAL VALLE®,
x" FOR INTERCLASS DIVERGENCE—-EL THER NEGATIVE OR ZERO. ™./
WRITE(FRINT,311) IWVEC (WM) Wi=1 ,MBEST) FRINT CHANNELS
11 FORMAT (* USING FEATURE SUBSET=",1213,/}
WRITE (PRINT,312) CHAR (WA} | CHAR 08)  ZDIJWC)  FRINT CLASS
C PAIR AND DI}
212  FORMAT(* THE INTERCLASS DIVERGENCE COMPUTED FOR®,
#= CLASS PAIR °,ZA1," 15“,E15.8,/)
WRITE (PRINT,313)
s15  FORMAT (% FLEASE CHECK Tim §PUT STATISTICS FoR TTST TLACSES.®)
RETURN O FATAL ERROR. CET DUMP .,
200 CONTIMUE €O COMPUTE D14 FOR NEXT COMBINATION OF CLASSES

AN ANADNO DD

PAIRS= (NCL-1) #CL /2 M. OF UNTQUE PAIRS

P Cw=0 INITIALIZE PACKED CHANNEL WORD

L=1 INDEX THRU CHANNEL SET

oo 82 J=1,KRM INCEX THRU TOTAL NO. OF CHANMNELS

J4z1ABS (J-1) POINTS TO BIT FOSITION IN ZFQW. IHSURE AGAINST -0,
© IECd.LT.VEC L)) CO TO 82 15 THIS CHANNEL MOT IN THIS COMBO.
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DOST?S
e

i

b1
ELE]
3k
36
%
p-1:2 4
I
4%
arw
424
43

asw
a5x
4

Lot
B0ex
51%
S

55%
SEx
ST

PEEIERLIREIRES

Ti%
T2%

P4
TER
TEuk
T
763

Bk
B
-T2
a3z
f4%
B34
L1
arTx
28%
29%

1F (3. EQ.VECILY) FLDUFS, 1, ZPCWI=1 N, TURN QN BIY
LaLel LOCK AT MEXT CHAMNEL IN SET
tFlL.G:I.IBEST) &0 TO 83 HAVE T SET FLAG FOR ALL CHAMNELS IN SEY
V-] CONT LNUE NG, GO TO NEXT CHANNEL
€ COMPUTE CAPFED AVERAGE DIVERGENCE '
as ZANG=D JANITIALIZE AVG. CIVERGENCE
M=MDT S GET MAX. DIJ ALLOWED IN AVG. COMPUTATICN
po 110 J=1,PAIRS INDEX THRU CLASS PAIRS
IF@EZE1J{J).LT. ZM} ZAVGIZAVG+ZCTJ (I} 01J LLT. MAX
IF(ZP1J () LGE. ZM) ZANGSZAVG*IM BlJ .GE. TO MAX DIJ
110 CONTINUE GO ADC NEXT CIVERGENE
ZAVGSZAVG/PALIRS  CCMEUTE Ave. DIJ
€ NOW SEE IF THIS CoMB. YIELEDS THE LARGEST DIJ YET FOUND
DO 85 J=1,FAIRS INDEX THRU THE FOSSIBLE CLJ™S
IF{ZC1J () LE.ZDIJ (1,130 6O TO 85 IS THIS BIGGEST
C DIJ4 I°VE FOUND
DT LD, 1)¥=ZRTI D) YES, SAVE IT
ZMCLI(J,2)=2A¥G  SAVE ASSCCIATED AVERAGE DIVERGENCE
MOLI (S, M) =ZF0W SAVE CHANMEL, COMBO. YIELCING THIS
[.1] CONTINUE  TRY NEXT DI
po 81 J=t,PAIRS INCEX THRU CLASS FAIRS
81 IF(ZD1J (J) .CE.MD1) ZOLJ(NI=FDI HAX. Dl) ALLOED IN AvG. COMPUTATION
IMINFLOO00. INITIALIZE TO LARGE MNO. IN BEARCH FCR MIN. CIJ
oo 24 J=1,FAIRS IMCEX THRU CLASS PALRS
84 IF (ZDIJ (1) LT.ZMIN) ZMIN=ZCLS () SEARCH FOR MINIMM
~ O.K., NOW COMPUTE AVERAGE BY CLASS
DO 86 J=1,NCL THRU CLASSES
:1:] ZCAVG (1N =D INITIALIZE FOR AVG. COMP,
LWL ND. CF SAIRS TO §UM FOR SACH CLASS
=0 INCEX THRU C1J*S FOR THIS CHANMEL coHBO,
Do 8T 1=2,NCL THE I CF THE D1J
e =i-1 LFFER LIMIT CN J
DO 87 J=1,00 THE J OF THE DIXJ
MMl GO TO KEXT OLJ
ZCAVG (1) =TCAVG (1} +ZDT 3 (M) COMRUTE SUM FOR 1°TH CLASS
ar ZCAVG {01 SZCAVG (JI+ZCTJ 02D COMFUTE SUM FCR JTH CLASS
DO 88 J=1,MCL THRU QLASSES
L] ZCANG (I =2 CAVG () /LOW COMPUTE AvG. DIJY FOR CLASS
po &9 J=1,NCL INCEX THRU CLASSES
IF ZCAVE (4] .LT.ZHCBII(4,1)) 6O TO 89 IS THIS CLASS AVG. CTJ MAX. FOUND
IMCDT S (3,11 =2ZCANG L) YES, SAVE IT
ZMCDT 3 (S, 2)=ZFCW  ALSO SAVE COtBINATION OF CHANNELS THAT FRCCUCED IT
[-3+] CONTINUE 60 CHEGCK NEXT CLASS AVG.
¢ CHECK IF THIS COMBO. IS N THE TGP “NPRTT FOSITIONS AS RAMKED BY
¢ MAXIMUM AVERAGE DIVERGENCE AND BY MAXTHMLM MINIMUM INTERGLASS DIVERGENCE
IF (ZAVG .LE.ZHADI J (NFRT, 11} €0 TO 90 15 AvG. DIJ IH JOP "NERT”
0O 91 J=1,NFRT YES, RANK 1T AND SAVE IT

IF (ZAVG .LE. ZMADIJ {1, 11} €2 7O a1 1S THIS AVG. DIJ .GT. J“TH SAVED AVG.
Ji=d+1 YES, COPY ALL J POSITIONS TO J+1i FOSTTION
DO 92 ISNRTSd, 3 DR THRU MAX. DIJYS THAT ARE SMALLTR THAN IAVS

ZHMADT J(T,1)=ZMACLA(1-1,1} MOVE SMALLER Max. DTJ"5 DOWN IN RANK
22 ZHADT J (1, 2)=ZHADT ST 12} ALONG WITH THEIR CHANNEL WORDS
ZHADI S¢S, 1)TAVG  INSERT NEW MAX. AVG. DIJ AT J"TH FOSITION
ZHADT J LS, 2} =2PCW SAVE CHANMELS THAT FROCUCED T
o TO 20 6O TEST FOR NEW MAX. MIN. DIJ
1 CONTTNUE GO TESY NEXT SHALLER SAVED DIJ
90 1F (ZMIN.LE.ZMMC LI (NPRT, 12} GO 1O 93 15 THIS MAX-MIN IN TOP “NFRT® RARK
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0% Do 94 J=1,NPRT ¥YE3, RANK IT AND INSERT IT

M IF{ZMIN.LE.ZHMDIJ (1)) 60 TO 94 15 THIS MIN. DIJ .GT. I"TH SAVED MIN

92 FYENTSY YES, COPY ALL J RANKED ELEMENTS TO J+#1°ST RANK

a3 DO 9% I=NPRT,1J,-1 IMCEX THRU MAX~MIN DI1J"3 THAT ARE SHALLER THAN ZMIN

San OMTICI,11=2MMDIS (1-1,1)  REDUCE RANK OF I*TH MIN D1J

95k 95 ZMMDT J(1,2)=ZMMDIJ (I-1,2)  ALONG WITH I7S ASSCCIATED CHANNELS

96% VD1 03, 1) TZMIN IMSERT NEW MAX-HIN

are MDY (4,2) 2ZF0W ALCHG WITH 17$ ASSOCIATED CHAMNELS

90k GO TO 93 O 2EE IF PERCENT SEPARATION IS TOFS

99 94 CONTINUE 6O TEST MEXT SMALLER SAVED MIN

1Dox 93 1F (PCTPRT.LE.B) O TO 96 DO T SAVE MAX. FERCENTAGE D14°S

101% DO 98 J=1,FAIRS YES, TNCEX THRU CLASS PAIRS FCR C14 LIMITS

1024 IF (ZDIJ (4} .LE.0) RETURN O MEGATIVE CIJ NOT ALLOWED

103% 1F (2013 (N 6T MDLIY Z0IJWF=HET MAX., DIJ ALLOWED IN SEFARATION COMP.
1044 IF D1 () LT.2.) ZDIA{ =2, MIN. DlJ ALLCMED IN SEPARATION COMP.
1054« 98 CONTIRUE CHECK LIMITS CN MEXT CLASS FALR

106% ZPCTSL. INITTALYZE FERCENT SEPARATION RATIO

107 po 97 J=1,PALIRS INDEX THRU CLASS PAIRS

108s IF{ZPCT.GT.1,.DE+35) GO TO 956  AVOID MULTIFLY OVERFLOW

1094+ ST ZPCT=2FCTH (ZMPCLY L, FETPRTIZZ01I1J])  CALC. RATIO OF MEW D1J TO SAVED FCT
110k IF(ZFCT.GE.1) 6 TO 96 15 FCT SEFARATICN .GT. LOMEST RANK SAVED

1% Do 99 J=1,FCTRRT YES, SEE WHERE THIS SET SHOULD BE INSERTED

112% P, INETIAL1ZE FERCENTACE RATIO

13 0o 100 Ji=1,PAIRS INCEX THRU QLASS PAIRS

1144 100 ZECTEZZPCTHIMPOIJ (I}, 1) /ZDLIUIDY  CALC. PERCENT SEFARATICN RATIO

145% IF (ZPCT.GE.1.) 6O TO 99 DCES THIS SET YI1ELD BIGGER FERCENT SEFARATICH
1165 Jli=J41 YES, CCRY ALL J RAMKED SETS INTO J+1 RANK

1172 UP=FAIRSH1 1LASS FAIRS + CHAMMNEL WORD

PPT. Do 101 [-PCTPRT, 4, -1 TNCEX THEU SETS THAT HAVE SMALLER SEPARATICN
119% DO 101 Itz1.AP COFY ALL BIJ"S + CHANNEL WORD

gzne 101 ZWPDIJ (I, D) =2WFCEI(IT,I-1) REDUCE RAMK OF I"TH PCT SEF.

121% DG 402 11=1,FAIRS INGEX THRU CLASS FAIRS

1zze 102 TPDLI(I1,5=ICIJ(EL) INSERT MEW FERCENT SEFARATION SET

123% ZMFDI A (PATRS 1, JY=TPOW ALONG WITH ITS ASSOCIATED CHANNEL SET

124% 6O TO 96 FINISHED CHECKS. €O GET ANOTHER UNIGUE CHANNEL COMBO.

1258 99 CONTINUE GO CALC. PCT SEF RATIO FCR MEXT LOWER SET

1284 e
END OF COMPILATION® MO DIAGNOSTICS.
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©O0s 1 OZ4243 NPRT 0o0s 1 024245 NSHOW onod 1 100026 P 0000 I 060020 PAIRS 000D @ 000021 FRIM

ooy 1 DOoaoL FRINT 0005 T 024246 SHOW 0ooo | 0UD03E WP DODG [ OOS500 VEC fon7 R U15733 ZAVE
0007 R DASET2 ZCAVG 0008 DO1405 20OV 0007 R 0O5A00 2D1J 000s  0ODODO ZINY gOOT R DO40OD ZHMADLJ
ooo? R DO3TO0 ZMCOIJ 0057 R 000760 ZHDIS DOD3  COODO0 ZMEAN 0007 R 013734 ZMIN 00C? R 004030 ZMHDID
000F R DR4120 ZMECTJ  DOOO R DOODDO ZRCLA 0007 R O13732 ZPCT 0006 0OATOD ZV

Do101 18 SUBROUTINE DISFLA

o010 % < JOMNES

00101 3c € THLS SUBROUTINE RECOMFUTES DIVERGDNCE FOR Tri7of OUNEL COMBINATIONS

00101 as € DETERMINED TO BE IMPCRTANT AMD OUTFUTS THEM T3 LNIT "FRINT*

o103 == INCLUCE SPEC,LIST  PARAMCTERS,DIMENSICNS,COMMON

00103 s C JONES

©o104 s IMFLICIT INTEGER (A-Y) ALL INTEGER EXCEFT Z

o103 5% PARAMETER MAXCLAS32  MAX. NO. CF CLASSES. CAN

00108 Sk € INCREASE IF MEELED.

00105 Se PARAMETER MXMSMAS24  MAX NO. OF MEASLREMENTS {CHANNELS), CAN INCREASE.

ooy = PARAMETER MBESTAS1Z  MAX, ND. OF MEASLREMENTS IN "BEST™ SUBSET

00110 ™ PARAMETER KSUMAT (MBESTAS1)#MBESTA/Z  SLM OF 1,2,...,N0. IN "BEST™ SUBSET

o111 F" PARAMETER SUMAS (XMSMA+1) #MEMSHA/Z  SUM OF 1,2,...,HAX NO. MEASLREMENTS

o112 e COMMON/UNITS/CARD FRINT  1/0 LNITS-CARD READER, FRINTER

[ v PR ) B COHMCH MVMW,MXCLS.P&EST.M&D."?RPW MAX THUMS

00114 o COMMON ZTNP/ IMEAN, 2CON (MM NCL,

wo114 s SNBEST , CHAR yNERT , MO L3, NSHOW, SHOW, DLLS MeUT

o115 54 DIMENSION ZMEAN (MXMGMA MAXCLA}  HOLDS MEANS FOR EACH MEASUREMENT, (LASS

w116 5t DIMENSION ZEON {SUMA, MAXCLA) MOLDS COVARIANCES (LOWER TRIANGLE}

[« 381 Bix C FOR EACH QLASS.

po337 5 PARAMETER FCTFRT1D  NO. OF COMDO™S RANKED BY PERCENT TO BE FRINTED

o120 2 DIMENSTCH VEC (MBESTA} HALDS UNIGUE COMBINATION CF FEATURES (CHANNELS)

oozt = COMMAON FINVZZINY,ZV,VEC  INVERSICW ARRAYS

oo122 F DIMENSION ZINVRSUMA,MAXCLA)  HCLDS INVERSE COVARIANCE MATRICES

co122 s C FCR EACH CLASS

o123 P . DIMENSICN ZV(HEESTA,MAXCLA}  WORKING ARRAY USED WHEN COMPUTING

00123 s € INVERSE BY BORDERING METHCD.

ooi24 e PARAMETER DELM= (MAXCLA-1)2MAXCLAZZ  "MAXCLA® COMEO™S TAKEN TWD AT A TIME

oaizs po DIMENSION 2ZDIJ{CSUM) WORKING SUFFER FCR INTERCLASS CIVERGENCE

po126 F CIMENSION CHAR (MAXCLA} HOLDS CHARACTER REPRESEMTATION CF CLASSES

o127 = OoMMON DL/ 2013, 2VC1J,ZMCD1, ZHADTY,

oo127 i *narl) ,ZM‘C[J.ZCAVG,ZFCT.ZAVG,ZMIN FOR C1J

Qo130 s4 PARAMETER MSHOW=1D  MAXTMUM ND, OF SHOW REQUESTS HONORED

oL o GIMENSION SHOW (MBESTA MSHIWN MOLELS CHANMEL COMBO®S REQUESTED

oosz ax PARAMETER MPRINTSZ0  MAXIMUM N3, OF FRINT REQUESTS TO BE HONCRED

0o133 e OIMENSION ZMDIJ(DSUM,3)  HOLES MAX. DI AVG. DIJ,PACKED CHARNEL WORD (FCW}

o134 s« DIMENSION ZHCDIJ (HAXCLA(2)  HOLDS MAX, BIJ FOR CLASS,FCW

00135 Ay DIMENSION ZMACTJ (MPRINT,,2) HCLES MAX, AVG. DIJ,FOW FOR NG, FRINT REQUEST

00116 s DIMENSICN ZreDIJ (WFRINT,2)  ACLDS MAX. WIN. DI,POW FOR NO. FRINT REGUEST

pO1357 o PARAMETER DSLMISOSUMES  CLASSES TAKEN 2 AT A TIME + 1 WORD

po140 5a BIMENSION ZHFC L) {DSUMI  FCTRRT) D1J)=8 RANKET BY FERCENT . FOW

DO14t P DIMENSION ZCAVG (MAXCLA)  WORK ARRAY USED TO FING LARCEST CLASS AVG. B1J

00142 s« DIMENSION DIJ{DSLM) ~  HALDS CHARACTER COMBO™S FGR C1J FAIRS

o142 s« END .

00143 e DIMENSION ZNCLA(16]  HCLDS MAXIMUM AVG. INTERCLASS DIVERGENCE

oa144 ™ PATRSE (NCL-1)#8CL/2  COMPUTE NO. OF CLASS PAIRS

ooids 8 IF (NSHOW.ER.D} 6O TO 1 ANY SHOM CARCS

FRIN=1 YES,FLAG TELLING TO FRINT *SHOW® COMBINATICHS

8
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o
&

(il
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L EE
12
132

148

15%
165
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T
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0
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ITE
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b
ACHx
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A2k
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513
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10
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11

15
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it

17

21

11=1 POIMTS AT “SHOW" CARG 1

DO 3 J=1,MBEST INCEX THRU “SHOW* CHANNELS

VEC(I)=SHOWII,L,IT)  GET CHANNELS FOR UIv. COMPUTATION

CALL DIV COMPUTE DIVERGENCE

GO TO 4 PRINT OUT RESWLTS

1i=11+1 BUMP SMOW CARD COUNTER .

TFALL.GT.NSHOW) GO TO 1 AM I THRU WITH “SHOW® CARDS

O TO 2 NO, GET NEXT ONE

t1=t COUNTS MAXIHUM INTERCLASS DIV. AVG.

PRIN=2 FLAG TELLS TO FRINT MAX. INTERCLASS DIV. AVG.

151 COUNTS CHAMNELS IN SUBSET FOUND

DO 7 3=1,NM INCEX THRU TOTAL NO. CHANNELS

SIABS (J-1} AVOLD REGATIVE 2ERQ

IFFLD (K, 1, ZMARLI(11,2)) ,EQq.D) GO TO 7 15 THIS MAX. DIV. AVG. CHANMNEL
IF(IJ.GT.NBEST) RETURN DO YES, ERROR IF MORE CHANNELS THAN IN SUBSET
VEC(I =) SAVE CHANNEL CF INTEREST FOR DIVERGEMCE CALC,

1J=1441 BUME CHAMNEL COUNTER

CONTINUE 6O SEE IF NEXT CHANMEL IN SUBSET

CALL DIV COMFUTE DIVERGENCE

GO TO 4 FRINT RESWULTS

1i=11+% BUMP HAX. D1J AVG. COUNTER

IFLI.GT.NFRT GO TO 8 AM 1 THRU WITH CIJ AVG.

O TO & NO,GET MNEXT ONE

PRIN=3 FILAG TELLS TO PRINT MAX. MIN, DTJ

1=1 COUNTS MAX. MIN, DlJ=S FRINTED

1i=1 COLNTS CHAMMELS IN SUBSEY FOUND

Do 9 J=1,NH INCEX THRU TOTAL NO. OF CHANMELS

K=1ABS(J=1} AVOID -0

IF (FLD (R, 1, ZMRTILTE . 23) .FR.D) 60 TO 9 IS THIS MAX. MIN, CHANNEL
IF{IJ.GT.NBEST) RETURN O YES. ERRCR IF MORE CHANNELS THAM IN SUBSET
VEC (T 33 =) SAVE CF INTEREST FCR DIV. CALC.

1J=1J+1 BUMP CHAMNEL COUNTER

CONTINUE GO SEE IF NEXT CHANNEL IN SUBSET

CALL DIV COMPUTE BIVERGENCE

6o 1O 4 PRINT RESULTS

TIs1141 BUME MAX. MIN, FRINT COUNTER

IF(IT.GT.NPRT) GO TO 12 AM I THRU WITH MAX, MIN.

cO TO 13 NO, GO GET MNEXT CHE }

PRIN=A FLAG TELLS ME I AM ON MAX. PERCENT

=1 COUNTS WHECH MAX. PERCENT CN

1J=1 COUNTS CHANNELS IN SUBSET FOUND

pO 14 JI=1,Nd INCEX THRU TOTAL NO. GOF CHANMELS

R=1ABS{(J-1) AVOID -0

1F (FLD (K, 1, ZM-DI 2 PAIRS+1,T1)) .EQ.O) GO TO 14 1S THIS MAX, PERCENT CH.
IF(IJ.GT.MBEST) RETURN O YES. ERROR IF MORE CHANMNELS THAN IN SLESET
VEC (TJ}=) SAVE CHAMNELS COF INTEREST FOR DIV. CALC.

1I=T 441 BLeP CHAMNEL COUNTER

CONT TNUE GO SEE [F NEXT CHAMNEL IN SLBSEY

CALL DIV COMPUTE DIVERGENCE

[ 2 (0 PRINT RESLLYS

T1=11+1 BUMP MAX. PERCENT FRINT COUNTER

IF(I1.GT.NFRT) 6O TO 17  AM I THRU WITH MAX. FERCENT FRINT

. GO TO 13 ND, GO GET NEXT ONE

1=t CORITS WHICH CLASS AVERACE FRINT IN CN

PRIN=5 FLAG TELLS ME TO FRINT CIJ AVERAGES BY CLASS
14=1 COUNTS CHANNELS IN SUBSET FOUND

Do 18 J4=1,NM INCEX THRU TOTAL NO. OF CHANMELS
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OO36S
oOBE?
Da3rl
o037l
00372
oa4po

| o401
CGO4G2
00415
[- a7 3¥-3
oo4z0
oos21
o422
pO43S
0436
00440

il

are
sa%
a9
70K
ik

7
T4%x
5%
TE%
T
8%

Bk
B1%
amF
a3k

855
B6%
ars
-2
B9

913

oz

o

ye

g5

Py

o

98

g
100
101#
102%
103%
1040
$05%
106+
107%
108
100%
1100
111
112%
113%
1ids
115%
116%
117%
118%
119%
120%
1213
122%
123

R=LABS (J-3} AvVOLlD -0
1F(FLD (K, 1,ZHC0TI(11,2)) ,EQ.0) ¢O TO 18 1S THIS MAX. CLASS CHANNEL
IF C(1J.CT.MBEST) RETURN O YFS, ERRCR IF MORE CHANNELS THAN IN SUBSET
vEC (T 11=] SAVE CHAMNEL CF INTEREST FOR DIV. CALC.
Ta=13+1 BUMP CHAMNEL COUNTER
19 CONT INUE 6O SEE IF NEXT CHAMMEL IS5 IN SUBSET
CAEL DIV COMPUTE Bl VERGENCE
. GO TO 4 FRINT RESWULTS
19 1I=I1+3 BUMF CLASS AVERAGE PRINT COUNTER
PFIT.GT.ACL) 6O TO 20 AM 1 THRU WITH MAX. CLASS DI PRINT
GO TO 21 NO, GO GET NEXT ORE
20 JFNCL.CGT.16) GO TO 7O TEST MAXIMUM MO, OF JLASIES
IF(NBEST.GT.6} O TO 70 TEST MAXIMUM MO, OF BEST CHANMELS
II=i COUNTS LINE CF FRINT OM
PRINSS  FLAGS TELLS ME TO FRINT MAX. AVG. INTERCLASS GIVERGEWCE
P21 INITIALIZE P
Ee) f1i=1 COUNTS CHANELS IN SUBSET FOUNG
0O 71 Jzi,M4 . INCEX THRU TOTAL NO. OF CHANNELS
K=IABS(J-1) AWOID -0
IF (FLE (K, 1, ZMCET1J (1 1,2)) .E3.0) 60 TO 71 IS THIS MAX. CLASS
€ COHLANNEL
IF(1J.GT.MIEST?) RETLRN ©  YES,ERROR IF MCRE CHANELS
¢ THAN IN SUBSET
VEC(14)SJ SAVE CHANMELS CF INTEREST FCR DIV. CAL.
1351441 BUME CHANNEL COUNTER
E2l CONTIMUE GO SEE IF MEXT Is IN SUBSET
CALL ClV  COMPUTE CIVERGENCE
pO 79 J=t,MCL  INDEX THRU Q ASSES
e JCAVG ()0 INITIALIZE CLASS AVG. MATRIX
LOWNCL-1  NO. OF FAIRS TO SLM FOR EACH CLASS
a0 INCEX THRU C1J°S FOR THIS CHANNEL COMEQ
Do 80 Ise,NcL IMGEX THRU IS OF CIJ
urzl-1  UFFER LIMIT ON J
oo 89 JI=1,UF THE J ¢F THE DIJ
MEMHL GO TO NEXT CIJ .
FCAVG (11=ZCAVG (1) +20TJ (M) COMPUTE SLM FOR I*TH CLASS
[T+ ZCAVG (JIZZCAVG (J)+ZB1J M) COMFUTE SLM FCR JUTH CQLASS
0O B1 J=1,NCL THRU CLASSES
a1 ZCAVG £J) S2CAVG {J}/LOW  COMFUTE AVG. cIJ FOR CLASS
IF(11.NE.1} GO TO B6  HAVE I FRINTED HEADRING
WRITE (FRINT,157)
157  FORMAT(1H1,"MATRIX CF BIVERGEMCES FCR CHANNEL SET YIELDIMNG®,
@7 THE MAXIMUM SEFARATICH COF A CLASS FRCM ALL OTHER CLASSESY)
WRITE (FRINT, 1553 (CHAR {J),1=1,NCL)
155 FORMAT ("0 FEATURES® , 16 (5X,A1})
© PRINT QUT BEST CHANNELS,CLASS AND THE MAXIMUM AVERAGE DIVERGENCE
85 &0 JO (390, 3p1, 302, 303, 304, 305) ,NBEST
AC0  WRITEFAINT,25G2) VEC (83 4 =1 (BBESTI ,THAR (P14 {ECAVG (U3, J=F,NCLY
Poz  FORMAT (15X, (1X,12),1X,A1,16(1X,F3.01)
IF (P.EQ.NCLY GO TO 209
PsPs1  BUMPS P
oo TO 209
301 WRITE(FRINT,203) (VEC (1) ,J=1 ,NBEST} , CHAR (P}, (ZCAVG (4}, 9=1,NCL)
203 FORMAT (12X, Z (1X, I2] 41X, A1,16 (1X,F5.00)
1F (P ER.NCL) 6O TO 209
=P+1  BUMPS P
¢O TO 209
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Do4a2 1244 302  WRITE(PRINT,204) (VEC (J), =1 ,NBEST) | CHAR (P} , {ZCAVG (J) , 921 HCL}
0o4ss 1253 204 FORMAT (9X,3¢1X,12} ,1%,41,16(1X,F5.01)

DO436 126+ IF (PLEQG.NCL) GO TO 209
004¢0 12re P=P+1 BUMFS P
Ooael 1268% 0 7O 209

o004 62 129% 303  WRITE(FRINT,205) (VECUJ),Jd=1,MBEST) ,CHAR (P}, (2CAVG (]} +4=1,NCLY
DOATI 1304 208 FORMAT{6X,4 (1x,12),1X,A1,16{1X,F5.0)}

DO£76 131% 1F (F.EQ.NCL) &O 1O 209
Dosn0 132% PEP+1 BLMFS P
oosax 135% GO TO 20%

pasoz2 1345 304  WRITE(FRINT,206) (VEC(J), J=1,NBEST} ,CHAR (F) , (ZCAVG (), J=1 (NCL)
00515 i15%¢ P06 FORMAT (3%,5(1X,I2),1X,Al,16(1X,F5.00)

o318 136 IF(P.EQ.NCL) GO TO 209
oosEn 137k PP+l BUFS P
0as521 138% GO TO 209

o522 1394 303 WRITEAFRINT,207) (VEC(J), J=1,NBEST) ,CHAR (F}, (ZCAVG (1), J=1 WNCL)
DO53S 1403 207 FORMAT(6(1X,I2),1X,Al,16(1X,F5.012) .

DO536 1418 IF(F.EQ.NCL) GO TO 209

0OS40 142% Pzp+i BLAFS P

pOs4y €3¢ 209  ZNCLA(TTIZICAVG(IT)  SAVES MAX. AVG. DI}

0S4z 144k II=11+1 BUMES LINE COUNTER

00543 145% IFCIT.GT.NCLY 6O TO 72 AM T THRU WITH MAX. AVG, DIJ FRINT
00545 146% O TO T

Oosee 147 12 WRITE(FRINT,74) (ZNCLA{D),J=1,NCL)

ooss4 1488 74 FORMAT(® DIAGONAL *,4X,16{1X,F5.01)

00555, 1458 70 [1=1  COUNTS WHICH MAx, DIJ PRINT ON

[orl11 1504 FRIN=G FLAG TELLS TO FRINT ’.‘U\)ﬁ- [ ]

oossT 151 23 TJ=1 COUNTS CHANMELS IN SUBSET FOURD

oosen  snEa Do 37 J=1,0  INCEX THRU TOTAL NMEER OF CHANNELS

ooses 1534 K=1ABS (4-1) AVOIC -0

usea  1sas IF (FLOR, 1, 2/01 411,331 Q1) 6O 1O 37 IS THIS MAX. DEJ CHARNEY,
Doses  155% IF(IJ.C6T.KBEST) RETURN O YES, HAVE [ FOUND MORE THAN FOSSIBLE
POSYD 356X ‘ VECUIN =S MO, SAVE CHANNGEL IMDICATOR :

posyL  157% LJ=1J¢1  BUMF COUNTER FCR CHAMNEL FIND

aasre 145874 37 COMTEIME GO UNPAQS NEXT CHANMEL

00374 1394 6O TO 4  FRINT RESULTS

00575 165 22 I1=II+1 BUME MAX CIJ FRINT COUNTER

00576 181% IF(II.&T.FAIRS) STOP AM [ FINISHED

DOS00 362 6O TO 23 MO, 6O FRINT MEXT MAX. DIJ

00601 1634 4 IFIT.NE.1) GO TO 24  HAVE 1 ALREADY PRINTED HEACING

DoEO3 164% 6O TO {25,26,27,28,29,30) ,FRIN  NO, €O FRINT FRCFER HOG
oS04 165% 25 WRITE (FRINT,31) SHOW CARCS

ocos0s  tes+ 31 FORMAT (1H1," DISPLAY OF CHANMEL COMBINATIONS REQUESTED BY #SHOWE,
DOEDG 1674 &% CARDS.®,///) .

DDEDY 1654 "GO TO 24 FRINT OUT CHAMNEL BATA

00610 1693 26  WRITE(FRINT,32) AVG. FAIRWISE DIV.

DGs1z  170¢ 32 FORMAT(1H1,® DISFLAY OF CHANNELS RANKED ACCORCING TO AVERAGE®,
o1z traw #% PAIR-WISE DIVERGENCE, ™ //0)

posts  17Z% GO 10 24  FRINT CHAMNEL CATA

DOBL 4 173% &7 WRITE (PRINT,33) MAX. MIN C1J .

00616 174 33 FORMAT(IH1," DISFLAY CF CHANNEL COMBINATIONS RANKED ACCORDING®,
Dosts  17sE & TO MINIMUM PAIR-WISE DIVERGENCE®,///)

DostT  176% GO TO 24 PRINT CHANNEL CATA

pos20  1rTE B8 WRITE(PRINT,34) MAX. FERCENT SEFARATION

o0s2z  gres B4 FORMAT(1H1,* DISFLAY OF CHAMMEL COMBIMATICHS RANKED ACCORDINGT,
oo6zz  179% %= TO MAXIMUM PERCENT SEFARATION.*,///}

coszs 180w GO TO 24  PRINT CHANNEL DATA

il _ [
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ooe24 181 29 WRITE (PRINT,35) MAX. AVG. D1J BY CLASS

ooaze 182« 38 FORMAT (1M1 ," DISPLAY OF CHANNEL COMBLMATIONS RANKED ACCORDING®,
aoezs . 183 & TO HAXINUM AVERAGE DIVERGENCE BY CLASS™ //7)

nos27 184 O TO 24 PRINT CHAMMEL CATA

Q030 105% 30 WRITE (FRINT , 361 wax. D1J

oosd2 186¢ 385 FORMAT (1H1 ,* DISFLAY CF CHANMNEL ¢+ THATIONS YIELDING HAXTMUM® ,

Doe3z  18T% &* PAIR-WISE DIVERGENCE:",//)

Doe3s 1883 . WRITE (FRINT,41) PRINT FIRST LINE OF SLEHEADING
toe3s  189% WRITE (FRINT, 42} ERINT SECOND LINE CF SUBHEADING
ous3? 1904 41 FORMAT (" CLASS MAX AVG )

DOG40 1913 42 FORMAT L™  PAIR oI} o1 CHANNEL 5% 4 /)
oosal 1924 6O TO 24 PRINT CHANMEL CATA

IF (FRIN.GT.5) &0 1O 39 15 THIS MAX DLJ FRINT
WRLTE (FRINT, 44} (VEC(J),J=1,MBEST) MO, FRINT CHANMELS
FORMAT (= CHANNELS=",2413,/}

:
;
pel

0053 1964 WRITE (FRINT ,45) ZAVG ERINT AVG. DI1J

Ooass6 197 45 FORMAT (" AVERAGE PAIR-WISE C1VERGENCES" F8,.1,/)

00637  198% WRITE(FRINT,46) ZMIN  FRINT MIN, CTJ

00EE2  199% 46 FORMAT (= MINIMUM FAIR-WISE DIVERGEMCE=",F8.1,/)

00663 200% FCT=1 INITIALIZE RATIO MATIFLIER TO CHE

DO6ES P01% D> 47 J=1,PALRS INCEX THREW CLASS PAIRS

Docer  POZE 47 IPCT=ZRCTAZDLILN /WO, 1) CALC. RATIO OF THIS DIJ TO MAX. SET
ooGT1 205+ WRITE (FRINT ,48) 2ZF<T FRINT FERCENT CF MHAX

oogT4 20a% 48 FORMAT (* RATIQ OF THIS CHANMEL. 56T WITH CHAMNEL SET",

oo6T4 205 &7 YIELDING MAXIMUM FERCENT SEPARATIIJE',FS.Z.I}

oosTS 2062 DO 49 J=1,NCL INCEX THRU CQLASSES

porTon  POTE 49 ZCAVGLNY=D INITIALIZE CLASS AVG, MATRIX

Qoro2 200 LR NO. CF PAIRS TO SWM FOR EACH CLASS

paros 2059% M= INCEX THRU ClJ*S FCR THIS CHANNEL COMIO.

QO 210 0O 59 Is2,NCL INDEX THRU 178 CF DIJ

onyor 2114 U =I-1 UPFER LIMIT ON J

oorio 128 DO 50 J=1,P HE J OF THE DIJ

oo7rLs 213% MM=MMEL & TO NEXT DI S

DO714 214x ZCAV‘G(I)=ZCAVG-(I)+ZDIJ(P‘M) COMPUTE UM FCR I"TH CLASS

oorLs 215% 50 ZCAVG {J) SZCAVG (J)+2D1J {+M) COMPUTE SUM FOR J*TH CLASS

corzd 2169 0o St J=i,NL. THRU CLASSES

oorzs 21T 111 ZCAW(J):ZCAVGUI/LW COMEUTE AVG. CTJ FCR CLASS

oorzs 21 6% . WRITE (FRINT, 52) SIPHDG FOR CLASS AVG, FRINT

0oreT 219% 52 FORMAT (" AVERAGE CIVERGENCE BY CLASS...")

OT3o 20 . WRLITE (FRINT, 53} (CHAR () L2CAWE (D), =1, NCL) FRINT CLASS CHARACTERS.AVG.
0O73T 221 33 FORMAT [ AVERAGE INTERCLASS CIVERGENCE FOR CLASS "LAL" = ., F10.3)
o740 2524 WRITE (PRINT 54)

DOT42Z 223% 34 FORMAT (1HO, " PAIR-WISE C1VERGENCE™)

0or4Ss 2240 WRITE (FRINT, 56} {C1J 49y, 2010 )y, =1 ,FAIRS)

onrsz 225% 56 FORMAT tix.lD(ix,Az.“:".FG.I))

DOrss b-end g TF(NCL.GT.9) WRITE (FRINT,93) GO TO NEXT FAGE

corse zere 98  FORMAT(1HI,//)

oorsy 2o0% TEMg AS. 0 WRITE PrINT O sXIP A FOW LITNCS

porEz 2ok 93 FORMAT(ING,///)

00763 PO co TO 5,10,11,16,19), FRIN  FINISHED FRINVING THIS SET, GO GET NEXT CHE

o073 231¥ ¢  PRINT OUT CLASS PAIR, MAX C1J, AYe DIJ, AND CHARNNEL S
oOred 232% 39 WRITE(FRINT,4T) crJitey ,ZvoIJ (1,1} .ZHDIJHI,E).!V‘EC(J},J‘:l.NBEST)
Darrs 233% 40 FORMAT (3X,A2,F9,1,FB.1,2413)

oarrée E34x &0 TO 22 6O GET WEXT MAX CIJ ¥O PRINT
DOTTET . B35% ENC
NG OF COMPILATION® N0  DIAGHNOSTICS.

il
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FOR,S OLY,BIV

FoR PeL-06/12-06' 44 (1,0}

SUBROUTINE DIV

EMIRY POINT 001251

STORAGE USED® COCE (1) 001306 DATA (0) 0OD500 °BLANK COHMON(2) 0UDO00

COMMCHN BLOCKS

0003
0004
D00
000E
ooor

WNITS
MAK
Lo
INV
oL s

DOoCOz
o005
025416
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Q15735

EXTERNAL REFEREMCES (BLOCK, NAME}

0040
0011
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00103 1% SUBROUTINE D1V

Do1o01 2% < JONES
00101 -1 € THIS SUBROUTINE COMEUTES DIVERGENCE AND PARAMETERS NEEDED B DISPLAY
ooLo1 4& € FOR A GIVEM SET CF CHANNELS
o003 S INCLUCE SPEC,LIST PARAMETERS, D1IMENS IONS , COMMON
0103 S < SCNES
0O1D4 8% IMFLICIT INTEGER (A-Y) ALL INTEGER EXCEFRT 2
00105 S PARAMETER MAXCTLA=3Z MAX. NO. OF CLASSES. CAN
00105 sx ¢ IMNCREASE IF REECED.
o408 5% PARAMETER MXHMSMA=24 MAY NO, CF MEASUREMENTS (CHANMELS). CAN TNCREASE.
o007 S PARAMETER MBESTA=1Z MAX. ND. CF MEASUREMENTS IN "BEST* SUBSET
oot10 84 PARAMETER RSUMAS (MBESTA+1)#FEESTA/R sSUM OF 1,2,...,N0. IN "BEST™ SUBSEY
o111t S PARAMETER SUMAS (MXMSMA+1) SMXHSHAS2 SUM OF 1,2,..,,MAX ND, MEASUREMENTS
ooz Sk COMMOHL/ NI TS/ 00 50 FRINT 1/0 UNITS~CARE READER, FRINTER
ooLs B COMMON AMAN/MXHEMT  MAXCLS , MBE ST MBHO, MFRNT HAXIMUMS
oo114 S COMMON ZINP/ ZMEAN, 2COV, NM, NCL,
00114 B ZMNBEST , CHAR ,NERT y MO T J , NSHOW, SHOW, DTJ INEUT
oon1Ls LS CIMEMSTON ZMEAMN (MXMSMA  MAXCLAY HOLDS MEANS FOR EACH MEASUREMENT, C(LASS
on11s 5 DIMENSION ZCOV (SUMA,;MAXCLA) HOLDS COVARTIAMNCES (LOWER TRIANGLE)
o116 8% C FOR EACH CLASS.
ooL117 -3 PARAMETER FCTFRT=10 HO. OF CCMBO™S RAMKED BY FERCENT TO BE FRINTED
o120 S DIMENSICH VEC (MBESTA) HIALES UMIQUE COMBINATION OF FEATURES CHARNELS)
o021 £ COMMON # THVAZINY 2V, VEC INVERSICON ARRAYS
on122 Sk DIMENSION ZIMV (RSUMA \MAXCLA) MCLDS INVERSE COWARIANCE MATRICES
oo z2 & C FCR EACH CLASS
o123 B DIMENSICN ZV(MBESTA,MAXCLA) WORKING ARRAY USED WHEN COMFUTING
00123 5= [ INVERSE BY BORDERING METHCOD.
00424 Sue PARAMETER DSUM= (MAXCLA-1) #HAXCLASZ SMAXCLA® CCMEO™S TAKEN TWD AT A TIME
oo128 L DIMENSTON #01J {C5UM) WORKING BAFFER FOR INTERCLASS CIVERGEMCE
ans2e S DIMENSION CHAR {MAXCLAY HOLDS CHARACTER REFRESENTATION OF CLASSES
[- 1} %-2 4 S Coreatl FTDLds ZDL S EM 2, IMCLL  EMADT
ony2r 5 2ZMCL, 0L, ZCAVG , ZPCT , ZAVG, IMIN FOR D1J
oo430 S PARAMETER MSHOWS14 MAXIMIM NO. OF SAQW REQUESTS HONCRED
2311 .22 DIMENSICH SHOW (MBESTA,MsHOW HOLDS CHANSEL CCHBO®S REQUESTED
o132 5 PARAMETER MFRINT=Z0 MAXTMUM NO. OF FRINT REQUESTS TCQ SE HONCRED
oo1ss 8% DIMEMSION ZHRI (EDSUM, 5} HOLDS MAX. DUJ,AVG. CI1J,PACKED CHANMEL WORD (FOW)
00134 S CIMENSICN ZMCDIJ (MAXCLA,2Z)  HOLDS MAX. CIJ FOR CLASS,FOW
o01%S 54 GIMENSICH ZMADEJ(MPRINT,2)  HOLDS MAX. AVG. OIJ,FCW FOR NJ. FRINT REJLEST
o136 S DIMHSION IMMDTJ (MPRINT,E) HOLDS MAX, MIM. DIJ,FOW FOR NO. FRINT REQUEST
oo137 L+ PARAMETER DSLM1=CSUMHL CLASSES TAKEM 2 AT A TIME + 1 WORD
D140 5 DIMENSEON ZMEDLJ (DSUMI ,PCTFRT) D1J*S RANKED BY PERCENT,FOW
Q0141 B DIMEMSION ZCAVG (MAXCLA) WORK AKRAY USED TO FIND LARGEST CLASS AVG. DIJ
L4z S DIMENSICH DI JIDSLM) HCoLES OHARACTER CCHBO"S FOR DIJ FAIRS
00142 2] EtD
0DO143 & DIMENSION ELE (RSUMA) FRINT BUFFER, HOLDS ELEMENTS
oo143 7= £ OF COVARTANCE MATRIX ON ERROR.
o144 [ DIMENSION ZPRNT (MRESTA) FRINT BUFFER. HOLDS RCW
ontas | 9w £ OF COVARTANCE MATRIX O FRRCR,
00145 10 INCLUCE INYR,LIST FROCEDURE INVERTS COVARIANCE MATRIX FOR ALL CLASSES
00143 1w € JONES
DO145 10 € COMPUTES INVERSE FOR 'h_PCL‘ MATRICES BY BORCERING TECHNIGQUE
oOLLS o C ‘
[ FL jox € THIS ALGCRITHM FERFORMS MATRIX INVERSICN CH A SYMMETRIC MATRIX.
oDL45 qok € SEE "STATISTICAL COMFUTATICNS on A CIGITAL CCHFUTER® 8Y HEMMERLE. P& 73
00145 106 € THE INPUT MATRIX 15 °ZCov* IN LOWER TRIAMGLE FORM
oa1453 jas € THE INVERSE OF "ICov® IS STCRED IN"ZINV® TN LOWER TRIANGLE FORM.
€ THIS PROCEDURE RESTRICTS ITSELF TQ THE 200 SERIES

i
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00261

ooze
ooz70
Goers

oOZYS
o002y
oozrT
oOzZrT
(=154

coso2
vosoz

i

102
10%
10
10%
10
10%
104+
0%
10%
10%
A0
A0
103
100k
10
10%
A0
30k
100
10
100k
100x
10
pLa
10
100
100
160k
100
A0k
100
10
100
10
10
10k
10
10

B =

106

10
106k
100
10w
105
10
100
104
100
10
104
310%
105
100
105
100k

€ AMD TO INTERMAL FLAGS STARTING WITH “X%*
211 DO 221 XCL=%,NCL REDUGE €OV. MATRIX FOR EACH CLASS
XCT=0 COUNTS WHERE 1 AM M RECUCED COV. MATRIX
00 221 XC=1,NBEST REDUCED MATRIX OF RANK “NBEST®
XI=VEC (XC) RETRIEVE LOGICAL ROW INCEX '
Do P21 XD=1,%C COLUMN INDEX FOR REDUCED LOWER TRIAMGLE MATRIX
XIZVEC (XD} RETRIEVE LOGICAL COLLMN IHDEX
AIND=XIx(X1-1) /24X CONVERT TO LOWER TRIANGLE INDEXING SCHEME
XCT=NCT+L BUMP FOINTER IN REDUCED COVARIANCE ARRAY
221 ZINV{XCT,XCL) ZZCOV (XTMD , XCL) REDUCE COVARIANCE MATRIX FOR EACH
€ NOW COMFUTE INVERSE
Do Zee XCL=1,MCL  COMPUTE INVERSE FOR EACH CLASS
wr=t FLAGS FIRST ROW ERRCR
1F (ABS (ZINV (1, XCLI).LT. 00001} 6O TO 230  wWILtL I BE
¢ DIVIGING BY ZERO
ZINV (1,%CL}=3 . O/ZINV 1, XCL) ND, TAKE RECIFROCAL
po 2O Xk=2,NBEST INCEX THRU ROWS
po 202 MIFL, XK INITIALIZE WORK ARRAY TO ZERO
202 ZVIXI (XCL}=0
=K1 UFFER ROW LIMIT
oo 203 XI=1,XM INDEX THRU ROWS
DO 204 XJ=1,XT INDEX THRU COLAMNS
XIJ= (XI-1)%XE/2+%) COMPUTE LOWER TRIANGLE INDEX FOR (I,J}
XK J7 (KR} EXRS 2N DITTO FOR (K,dY

CLASS

204 vy (X1 .KCL)=ZV(!I;.XCL)*Z'INV(XIJ,)(CL)tZINVUG(J.XCL) COLULMN WORK VECTOR

1P (XI-XH) 205,203,205 AM 1 THRU COMPUTING WORK VECTCR

2053 n=xI+i ND, COMPUTE LOWER LIMIT AMND CONTINUE
Do 208 XJ=XL XM MATIFLY THE XK"TH ROW BY THE XJ*TH COLUMN
MK J= (K- 1) PR s2 XS © COMFUTE LOWER TRIANGLE INCEX FOR (K. Jd)
XIT= (XJ=1)# D2 X] oITTO FOR (3, 1D

200 ZvixI .XG.JSZV{X!,XCL!+ZINV(>0<J .KG_}#ZIW(XJ[,.XCL) COLUMN WORK VECTOR

203 © OONTINLE 6D TO HEXT ROW
o 206 XJ=1 %M 5o THRU XJ*TH COUN OF THE XK"TH W

N JT O~ 1) FCS2RI COMPUTE LOWER TRIANGLE INDEX ATI) FOR (K, 0
206 ZV{XK,XCL!=ZV(X!<.XCL)*ZIN“'()CKJ.KCL)*ZV(XJ.XG.} ¥ °TH ROW CF COLUMN VECTR

K= (X+1) KKK 2 LTI FOR (K,K) .
wF=2 FLAGS ERROR OCCURRED oN OTHER THAM FIRST ROW
} IF (ABS (ZINV (KK, XCLY—ZV (XK, xCL)) LT, LOGGO1) 6O TO 230 witL 1
¢ 8E DIVIDING BY ZERO

z:w:mm.xq.:::.D/tzmwxxx.xcu—zwm,xa_n INVERSE CF ELEMENT (K,K)

po 207 XJ=1,.0M INDEX THRU ROWS
po 297 XI=1,%4 INCEX THRU COLUMNS
IT= (XJ-1) #XJ/2+X]1 LTI FOR (J,12
KK= Q1) FNRZ - LTI FOR (KR
zor ztnwm.xcm.::zmv(x.n,xcu+z:w<>u<:r.,xc1.}¢zvm,xcu*zwx.l,xcu
£O 209 XI=1,xM INVERSE OF THE XK=TH ROwW AND X1"TH CCLLAHS
XK1= (R -1) #XKs2 0] LTI FOR K, 1)
BOS DR IRRT,WCLI STV INRIRILGS2V (KD RO &,1% IMNVERSC
201 COMTINUE 6O TO MEXT ROW
g2z CONTINGE GO TO KEXT CLASS
¢o 1O 24D SKIP ERROR FRINT
<
€ PROBLEMS ON ATTEMPTING TO INVERT MATRIX
c .
230 WRITE (PFEINT,231)
£31  FORMAT (1H1, “seERRORERE ON ATTEMCT TO CoHPUTE INVERSE®,
2+ OF THE FOLLOWING SUB-MATRIX®,//)
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- 0030y 104
00305 102
00308 104
o0a0e 10%
o034 10%
00333 10%
00316 104

00321 104
Dayze 104
DOz 10
00326 10
oazy 10%
o030 10%
00331 At
ou3lL 1 0%
o333 10%
o034l 10%

on342 10
o344 1Cok
ooaT 10:x
o350 1
o353 100
OS54 106k
cOssT 10

oOasyT bLs -3
0o03sl 20
00363 10
onzen 20%
DOUSE4 1Tk
o0364 105

Da3r2 10
oo T3 100
oos74 10k
00402 10

03403 105
‘00404 10
o004 108
o403 (3L
| onans EBE ]
00405 11%

00405 s
OO405 13%
o005 11

Dodos 1%
ODo4ns  31%
00405 1%
00405 1%
o a2 3eb 1i%
ooans 11k
DO406 14
o7 51
oo41z  §12
0413 115
co41e  11#
o0s17 13%
00420 L3k
0Q421 114

(il

232

235

WRITE (FRINT, 232}

FORMAT (* THE DIAGOMAL ELEMENTS CAMNOT BE ZEROQ.",/,

£ KO TWO ROWS CAN BE THE SaME.®,//)

WRITE (FRINT,233) (VEC(XC},XC=1,NBEST) FRINT FEATURES
FORMAT L1X%,18,TI15)

W=0 COUNTS ELEMENTS IN LOWER TRIANGLE MATRIX

DD 234 XC=1,NBEST INCEX THREY NO. CHAMMELS 14 SUBSET
XI=VEC (xC) GET ROW IMGEX IN BIG COV. MATRIX

DO 235 XD=1,%C INCEX THRU COLUMNS

XJ=VEC (X0} GET CQL. INDEX IN BIG COv. <+ TRIX

XIND=XL e (XI-1} S24XS COMPUTE WHERE 7. - L. ARE IN LOWER TRIANGLE
¥=x+1 BUMP COUNTER FOR NO. ELEMENT: | LOWER TRIANGLE
ELE > =xIND SAVE LOWER YRIANGLE IMNCEX

ZFRNT (XD =2COV (XIRD, XCL) RETRIEVE NEXT

€ ELEMENT IN ROW FRCOM BIG MATRIX

6
234

WRITE(FRINT,236)  (ZERNT (XM} ,XM=1,XC)  FRINT THE ROW
FORMAT (1X,8E15.8)

CONTINUE GO FRINT NEXT ROW

IF OF .ER.1} WRITE (FRINT,237) TEST ERROR FLAG

237  FORMAT ("0 ERRCR OCCLRRED ON FIRST RoW™,//)

238

239

T

[
243

oAL

240

s}

AN NANANNAAON

1F OF .EQ.2) WRITE(PRINT,238)  TEST ERROR FLAG
FCRMAT ("0 ERRCR DI NOT OCCUR CN FIRST ROW™,//)

WRITE (FRINT,239) XCL

FORMAT (* THIS SUB-MATRIX 1S LOCATED IN THE®,I3,3H"TH,
*" COVARIANCE MATRIX.™}

WRITE (FRINT,241) CHAR (XCL}

FORMAT {* THMLIS COVARIANCE MATRIX IS FOR CLASS *,A2,

+* AND 15 FRINTED AS IT WAS INCUT.",/)
WRITE(FRINT,243)  (ELE 004 ,)0M=1,X)  FRINT LOWER

TRIANGLE [*DEXES

FORMAT (* CHECK ELEMENTS-",2514)

XOTS= (Reh 11372 NO, FTS IN BIG MATRIX

WRITE (FRINT,244)  (ZCOW (XM, XCL) ,XM=1,XFTS)  FRINT BIG MATRIX
FORMAT {6X, 9£15.8)

RETURN 0 FATAL ERROR. GET CuLMP.

CONTINUE  COMNNECTCR TO SKIP ERRCR FRINT

INCLUGE DIJ,LIST FROCEDURE TO COMPUTE DIJ FOR ALL CLASSES

{HIS FROCEDURE COMPUTES INTERCLASS DIVERGENCE AS FCLLOWS...
IM-MEAN VECTCR OF I=TH CLASS
01 J-INTERCLASS DIVERGENCE BETWEEN CLASSSES [ AND 3
TR-TRACE. 1E. SUM OF GIAGONAL ELEMENTS
JR—COMARTANCE MATRIX OF 1°TH CLASS
JKIN-INVERSE COVARTANCE MATRIX OF JYTH CLASS
N-RANK OF MATRIX
FI=TROIKEIKIN + JKEIKIND —23N +TR ((TRIN+JRIND# (TH-IM) % (IM-JMD)
Tts PROCCHUNT ACOTRICTS ITSCLY TO STATEMINTS IN THE 355 SZRIES
AND TO INTERMAL VAREADLES STARTING WITH W.
we=0 FOINTS TO WHERE 1 AM IN INTERCLASS CIVERGENCE ARRAY
DO 300 WA=Z,NCL  THE "1" OF THE DIJ CALC. IE. CLASS 1.
WUPSWA~1 UEPER LIMIT ON LOOR
DO 300 We=i,WP THE *J" OF THE DIJ CALC. JE. CLASS J.
WS+ READY FOR MNEXT B1J CALC.
F01J 0410 INITIALIZE SUH
=0 WORK CELL TO SUM F CME INTERCLASS DIVERGENCE
0O 301 wWI=1,NBEST LOGICAL ROWS OF €OV, AND INVERSE COV. MATRIX
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00463
004656
00470
ondr1
o4z
o472
O04TS
OOars
ooLTs
ao4Ts
Q0475
00475
on4ry

oosot
00504
00306
o510
oas1z
onsis
oosis
oaszn
ousz2
DosZ
nos24
oos27
00530
Da533
DOs34
DO535
o030
oos43
Das4s
00343
nos4e

il

1%
11%
118
11%
11
1i%
11%
11%
11%
1i%
113
11%
11
1%
1%
112
11=

- A1%

11%
11%
11k
11*
31
14
11%
1%
ax
1%
12+
1E%
125
12%

A2

12%
1o
124
12%
12%
12%
124
12%
12%
T
12%
124
123
12%
12
12%
12%
12%
124
124
i2¥%
124
(310
tY L2

annn

0O 301 WJI1,WI LOGICAL COLLMNS
WC=VEC (WI) CET ROW INCEX IN BIG MATRIX
WLEVEC (W) GET COLUMN IMDEX
WELS (Wi =1 ) WK/ 200 {NCEX IN COVARLANCE MATRIX (NOT REDUCED)
WIdz (Wi=1)} W1 /24w INCEX IN INVERSE MATRIX (RECUCED!)
z=2 ALL OFF D1AGCHAL TERMS ARE ACUCED TWICE
IF (W1 .EQ.WS) 2=1.0 N D1AGCHAL TERMS ARE ACCED ONCE
FO=TO+ZHTOOV (WRL WA ) SZINV O/ J, W) TR (1K= K INY
IO=Z04 ZEZCON (KL, WB ) $ZINV 6T 0, WA) TR (JEHIKIND
304 ZD=ZD+Z% (ZTRV (WT D, WAy +ZINV (WE D, W80 )
L% {ZVEAN (W WA = ZMEAN (i, WD) }
24 (ZMEAN Ol WA} ~ZHEAN (Wl W) ) TR ({IKTN JRIND % (IM- M) % (IH-JM) )
D14 ) =20-22HBEST -2N
1F (ZD14 0WC) .GT.0) GO TO 300 1S CIVERGERKE FOSITIVE
WVAITEFRINT,310)  NO, WE HAVE ILLIGAL VALLE
310 FCRMAT (1H1, Y#tERRORISS HAVE COMPUTST AN TLLEGAL VALLE",
** FCR INTERCLASS DIVERGENCE-—EITHER MEGATIVE OR ZERO.,/}
WRITE (FRINT,311)  (VEC (WM) ,WM=1 ,NBEST)  FRINT CHANNELS
311 FORMAT(® USING FEATURE SUBSET=™,1213,/)
WRITE (FRINT,312) CHAR (WA) ,CHAR 0B}, ZELI 0wC)  FRINT CLASS
C PAIR AND DIJ
%12 FCRMAT (" THE INTERCLASS DIVERGENCE COMCUTED FOR™,
** CLASS FAIR *,2A1," 1S",E15.8,/)
WRLTE (FRINT ,313)
x13  FORMAT (= PLEASE CHECK THE IMPUT STATISTICS FOR THESE CLASSES.™)
RETURN O FATAL ERRCR. GET DUMP.
00 CONTINUE Gy COMEUTE DIJ FCR MEXT CCMBINATICN OF CLASSES

INCLUCE STAT,LIST FROCEDURE TO COMP. AVG. DIJ, MIN. D1}, AVG. CLASS C1V
. : JONES
TI5 FROCIDURE COMTUTES AVERAGE FATR-WISE DIVERGENCE, MINIMUM PATR-WLISE
piv., AND AVERAGE DlV. BY CLASS.
THIS PROCEDURE RESTRICTS ITSELF TO STATEMENTS IN THE 400 SERIES
PAIRST INCL-1}¥NCL /2 COMFUTE MO, CF CLASS PAIRS
ZAVG=D INITIALIZE AVERAGE FAIR-WISE DIV. :
ZMIN=100000, INITIALLZE TO LARGE MO, IN SEARCH FOR MIN. PAIR-WISE OIV.
Do 400 J=1,PALRS INCEX THRU PAIRS
LF (ZD14 (J) .LE.D) RETURN D ERRCR IF MCMFOSITIVE ©IJ
tF(201J40) .GT.MB1Y) ZDII()=MDIY HAX. OTJ ALLOWED IN AVG. COMPUTATICN
IF(ZOEJ (1) LT ZMIN} ZMINSZELL (Y SAVE MINIMM FAIR-WISE D1J
400 ZAVGSZAVGHITII() SUM FAIR-WISE IV,
ZAVGSZAVG/PAIRS AVG, PAIR-WISE DIV.
Do 401 J=1,NCL THU CLASSES
401 ZCAVG (1) =0 INITIALIZE FOR AVG. DIV. BY CLASS COMP.
LOW=NCL-1 WO, OF PAIRS TO SUM FOR EACH CLASS
Me=0 INCEX THRU FAIR-WISE DIV,
po 4az 1=2,NCL INCEX THRU 1°5 OF OLJ
uP=1-1 UFFER LIMIT OH J
Do 402 J=1,LF THE J CF THE C1J4
MM=aM+1 6o TO NEXT DTJ
ZEAVG {11 =2CAVE {11 42013 (MM) COMFUTE PAIR-WISE SLM FOR I"TH CLASS
402  ZCAVG (JY2ZCAVG (JY+ZDIIIMM) COMPUTE PAIR-WISE SUM FOR J*TH CLASS
O 403 J=1,HCL THRU. CLASSES
403 ZCAVG (J) =ZCAVE (J1 /L0 COMFUTE AVG. PAIR-WISE DIV. FOR EACH CLASS

ZPCT=1. INITIALIZE FERCENT SEFARATION
0O 4 J4=1,PAIRS INCEX THRU CLASS PAIRS
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posat
00553
00333
oossT
00350

L

15% 1F (Z013 40 . CT.HOLID) Z0t4{0=HCL] M. D] ALLOWED IN SEPARATION CCMP .
1084 tF(ZOLI (1) LT, 2.} Fo) SRR ELI MIN GiJ ALLOWEE IN FCT SEPARATION COMP.
ire IP€T=1FC'I$ZHPDI.It-l.‘l)."ZDlJ(J} CALC. RATIO OF NEW C1J) TO MAX. FCT
185 RETURN
19% END

D OF COMPTLATICN’ Mo DIAGNOSTICS.
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Input Data Deck
{(from flight line C-1)

This deck was input to produce the Example of Output.



DATALL BATA,
OATADGG-RLIBST-10 O6/1Z-08741°12

000001 CHAMMEL3=12 CLASSES=09 BEST=04

oooooz ME AN =16997769+03 +1T7435210+03 .19327100+03 19252034403 «16906102+03
0ennos HEAN 16705183403 +19051837+03 +1TORBTI3+D3 -18449409+03 .17286023+03
(Lot HEAN «16242322+03 «18200590+03

0o000s MEAN 11085855403 «17711908+03 -19527697+03 19497829403 17264605408
ooooae6 WEAN -16823225+03 +19251315+03 17829995403 19304539+03 18202969403
o a ot ] MEAN J14818815+03 +17376513+03

oDOoGe MEAN +1TBTZ22168+53 -18174953+03 +19723517+03 «1965TB00+03 .17516997*03
Q00009 MEAN «17049099+03 «19132753+53 .16950404+03 .18331013+03 .16658421403
oo0o1n HEAN «14759664+03 .1;7'.'!01491-“.13

oooo1 ] MEAM +18260162+03 18367144403 «19701955+03 219534004403 17455737403
Q00012 HEAN ~17ITT5¥ 5408 »19161604+03 16234224403 «17112711+03 +«15899739+03
ooo013 MEAN Z1T2B3181+03 218596349403

DOo0Y4 HEAN 18234438403 185609468403 ~20049707+03 20072515403 <18Z67511+03
D00t S MEAN «174968570+03 «19682326+03 -18611500+G3 .19962053+03% -17815334+03
BO001 5 MEAN «113584275+03 214711826403

00001 7 MEAN 1778338903 +18299663+03 «19925926+03 1991 8569+03 L17933199+03
oooo1 8 HMEAN +16273460+03 ~19422109+53 +18477328+03 «19993602+03 «17645118+03
onodL s MEAN +10242536+403 »14320426+03

0o0oz0 MEAN +17489414+03 17520G809+03 . 19134091403 18964955+03 Ji61t1868+03
ooDo21 HEAN - 15829190403 .18242902+03 15211467403 16892622+03 +15519086+03
ooonze MEAN -15898716+03 17907338403 '

00y 5 MEAN «16494736+03 16969132403 +18357894+03 «18815505+03 1624793 7+03
0o00z4 MEAN L16552632+03 18784068403 15987767+03 -17153627+03 21647638 7+03
aoonzs MEAN «18318918+03 19461 735+03

oooozZe MEAN -17433800+03 =1 7324000+03 19021 739+03 18774299+03 «15613600+403
oonazy MECAN =153558994+03 JITTERANOLD3 «-13898700+032 +15473799+03 «13509559+03
oonoze HEAN «136TOTHOD -3 7E02300+03 . .

000029 COWAR «BI274073+01 © (33574336401 LTT711774401 38174090401 -39079335+01
000030 COMAR L39718175+01 J3787T160+0 -42324261+01 28162173401 380851 57+01
o001 CONAR »T4BUETI4+O1 LB2846057+01 54437276+ JB0450481 451 «$3914139+02
ooonaz COVAR «84108749+01 « 504820401 «48119443+01 . 34267190401 L11719401 1452
oocoss COVAR 12005847102 44160372401 48613533+ «35376967+01 L3T425675+01
DO0034 QOVAR - TE44TTAZAOL S TO852387+01 - BE575742+O1 «71964233+01 -BE4T72496+01
000035 COVAR «56510509+01 «E3B11547+01 «1073440G35+02 11478605+02 77670128401
000036 COVAR 21603715 5+02 «55520678+01 « 700353848 +01 -44884995+01 - 52108884+01
fraehyy COVAR 10100492402 -B7372384+01 829065354101 +12598464+02 .12289525+02
000038 COVAR +5?565647+01 LTO405760+01 48323a50+01 +53846570+01 AG9317i2+02
DO0039 COYAR - 10475405+02 «T2931145+01 1313085 7+02 21117021502 +14280519+062
o040 COVAR «32038013+01 L2RA27286+01 JES201619+01 <24244122+01 61632565+
000041 COVAR »976268Z1+401 36564213401 L35008504+01 - 160046715-00 067266+
000042 COvAR W 3TZ219972+02 .895075012-00 LT4552272-00 -40220684-10 JI5GRT7257-00
Q0004% COVAR 27100793401 «30692932+01 25373175+ -17656046+01 - _4£381713-01
[raeal P COVAR + 31544 700+51 14667230402 13187752+02

00004 5 COVAR 95184916+01 69115220401 88546735+01 ~A443090804+018 37431651 +01
DOUC4 & COVAR 25440500700 PP liayfraisfial) Phcess Elatudiiol i 44 22232302408 31219773407
obnu-n COVAR «TABO5143+01 - TOU79423401 ,42423308+01 -39382355+01 .95862911+01
o048 COVAR +48544640+98 +49499441 401 SETITATT4+01 29444731401 -37372899+01
000049 COVAR «S8T7295681+01 +29416253+01 297176904018 19558660401 .19936400401
[s 0 e akie] COVAR +34101902+01 31941114401 JI2TITIEZ4O) +56928901+01 +81907175+41
DO0as1 COVAR +35284398+01 «3BO50691+01 L69833051+401 «57373931+01 + 33782751401
ooI0s2 COVAR LISEH2IV6+01 +43204475+01 -50512970+01 «27207958+01 -33473249+01
oaobsa ) COVAR HSZASTI6H0 +AGIIZOF1+01 J3E034181+01 «T50184353401 «B2316443401
oDDD54 COVAR «3326TTI0+401 238850232401 24236578401 ~2651T294+01 <S511186824001
o0003S COVAR  .48265631+01  ,37793995+01 LTO766951+01 65806170401 ,86976087+01

M
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oDo101
o010z
oou103
OO0 04
ooo10s
000106
000107
consos

Doo1as9 .

000110
o011l
000212

LA

COVAR
COVAR
COVAR
COVAR
COVAR
COMAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COMAR
COVAR
COVAR
COVAR
COMAR
COVAR
COVAR
COVAR
COVAR
OOVAR
QOVAR
COVAR
AR
COVAR
COVAR
QOVAR
COVAR
COVAR
COVAR
COVAR
COvAR
COVAR
COVAR
COvAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COvAR
CONAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR

-, 25494707+01
214784744-00
.33609208+02

-.22589593+01

-, 20127919+T
+31161802+01
J30852331+01
«98973590+01
2983031 72+01
+15131913+52
«21580653+01
J5T418313+(}
-18960335+02
93032612401
~43840395+01
ESTILA04+01
<31 aT3a¢01
25031164 +7H
LBRE35088402

- 686931 8401

- 11681605402
LTBTIZINH0L
45136420400
89083820401
LA3313652+M
214317976402
«933286923+04
LB3505627+01
.27528535+012
LE7EATIOI02
1539883002
LE5ANTSL+02
L314244121+02
224973244+02
.55121075+02
16364456+02
J34at4124402
+AI0S51 3401
L23645283+01
A40020739+01
LA0016750+01
L10G31005+02
41851 566+01
JLB3aZ11 7401
LB463A590+01
LA18T1692+01
+405762935+01
LB1674351401
L49560077+01
.21281805+02
21452662403
L36359740+01
L16360267+02
33940498+
.303945506+01
«34786529+01
L1TB&9468+01

1

43871340401

L, TB538752-00

L2909477T+D1
.14740423-00
233819434062
LEED45035+01
LADEBSETE+DT
J94561882+01
L210128€2+01
LE0014963+404
82277659+01
JBTEOT2I2+404
376590475+01
LE62325852+01
53043760401
51999637+01
Z2071861 00
+ 76394958300
+A18316247401
JE233023B6+ T
26076915402
LE5037731408
43315808401
5937333 7+01
J93587591+M
LA80T6F0S 01
(934371 59+01
L80841533+01
10326504402
217222523402
L1 7003 r08+92
LIBA2E2E4402
-14T743792+02
164826724012
L10988059+02
.17354939+02
-34789681+02
27386034 +01
L1850680924+01
JANA5ZA4E8+T1
LABI084581+0]1
26428291401
.52269207+01
.312500956+01
L2E367734+01
«4DEAN440+01
LAZ3287456401
. S253335356T+0]
.31544185+01
.82790828+01
34659924 +01
L12E24572+02
.11183525+03
«25994471:+01
20761157401
L46314531+01
.25869481+01

15018528401
LTOTA91 77401
L30246799401
L870BATE1-00
+20951916+02
23262 36+01
.44924960+01
L63635668+01
JHATT2340+01
JSE2158TB01
.62654118+01
12994063402
65223772401
+59841798¢01
JAS2TICRE+DY
16203484002
JDATBENI-T
153021 63+02
» 82T+ 01
34632219401
244837502
LBEDIZEI DL
AP2AN202401
L6TI59041+01
62085633401
LE5134262+01
7541 66+01
18665611402
.11844141402
L125YSI00N02
11564956402
36561 884+02
98193005+01
JINE06A3L 2
11674234402
L12035119+02
LINAREB02
.47186516+011
200963 12+01
27816842+01
2TEA5IRTHOL
126296962401
41364936491
65373893401
.31176464+01
.20523959+08
28606567+01
80537826451
26165750+01
LAR543352+01
24480321+
46594059 +01
77383924402
.80617863+01
L28601597+01
.35623803+01
.186847690+01

JA3224428401
BE234251+01
17406981+ 01
L40T89334+01

LAT323180+01
27896968401
JB3R51358401
58472519401
L38423741+0)
71519314401
LAD4OT219+02
+AZE61632Z ¥+
16813952402
234767917401
. 16684258402
LIETIAI21+TL
2100202
M 530881+01
128240554112

LAEA57593401
33801512401
LEI5MEE 401
JEEYTOEE9+0]
LA5411082+01
L10912009+02
10724223402
LT9385423+¢TH
25320450402
JA2ARBBRZ T
35929801 +012
LA001367440T
L2R5243814+02
LTAEOTI26+401
23843551402

L21128412+01
L13551776+01
, 27845078401
J2OABANRE40
20345534 +01
. 39005493+01
L 643474001
19793839401
JS6737098+01
28217521401
.3g512186001
L464382452-01
L51453824+01
10831223401
17684862401

.21565959+01
,20531052+011
37389828404
21843453401
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=~ 24777953401
- 30648236401
-.21301847+01
-.45364D16+01

.41854335+01
L3951T793401
LA6003301+02
13257359402
.39358126+01
LBE548805+401
77813252401
+3E287180+01
»19493933+02
92163462+01
18009228402
L368T5191+01
L15697665+02
41417114401
.14913833+02

1

LA7161490+01
LAZFITTEOL
15971 593+012
13433629+02
46626306401
124412858402
L12909707+02
53170364401
26206269402
25537650402
545307702
21 106284+02
44914107402
L 78108887+01
BZz4BE0I+02

.18470353+01
L21591266+01
J76108352+01
JBBE5IIITHIL
20216123401
J41281670+01
LA1971929+TH
24352960+ 05
.57284728+01
.672DEDIGOL
11566847408
.65058956+01
20502022402
.S1731039-00
47743413401

253450817401
.31080202+401
L8084§391+01
39456[158+08



o00113
o0oL14
noo11s
000116
oDD1LT
ooa11 8
noo119
oooyza
000121
ooo122
000123
ono1z24
DO0125
oo0126
ooor 27
oo0128
000129
ooo130
000131
000132
00133
000334
ooo13%
000136
000137

oon139
oonien
pont4s
‘ooo142
000143
pOOL 44
0C0145
o046
COo147
000148
Q00149
D001 50
oot st
DO0158
ooo153
o001 54
o001 5%
DOD1SE
DODLSY
oo03 58
000139
oooLEd
oDO161
poD1LE2
pOO1E3
pOD16A
pOO16%
ooa1é6
[ e sl T g
DO0168
pOOI 69

il

COVAR
CCVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
TOVAR
CCMAR
COWAR
CONAR,
COVAR
COVAR
COWAR
COVAR
COVAR
COMAR
COVAR
COVAR
GOVAR
COMAR
CONAR
CeR
CCVAR

CONAR
COVAR
COMAR
COVAR
COVAR
COVAR
CCNAR
COVAR
COVAR
COVAR
COVAR
CONVAR
COVAR
CONAR
COVAR
COVAR
CONAR
COVAR
COVAR
DOVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR
COVAR

42240608401
36267141+01
A493E745+01
«13406971+02
JTTBTA9GT+OL
~20885105+01
+34219039+G1
~.13339577+02
-.13251865+02
15790082403
-.15442937+02
-, 875290375+31
«A9165548+01
.33452266+01
44D58318+01
30541981401
+56659295+01
~36249348+401
.46591196+01
.14565401+02
JBED2662T+DL
LA9800FIF+01
JTLE98295+01
-.B6452268-00
-.509893533-00
LA TIZTZOI+02
-, 14524477401
=.16796910+01
LARSENSOTLOY
.168139151+01
.1197630a+01
LAT07TFOTINL
+22610586+01
»61779188-00
LET431376-00
33097397401
8850084800
91205578-00
L14620833+01
11438746401
d22r92nz+«01
LTTEE1 507+
LT3232484-00
L10505424401
LEBTDE266+08
.B8037783+01
15630663402
1520125352
JT23588 7402
JAL7SOTIS:0D
~267E0562+92
.116890974+03
88330962402
+A6157709+02
A6183319+02
-14353229+02
JB1E671889+402

1

L18592503+01
,27769227+01
L 82252815+D1
.39994741+01
L A7S08900+01
31060152401
L, 30495218401
.18982035+02
L13568511402
.B1828062+01
.T7197972401
LBO553454+402
35723952401
25022005404
53544606401
L 43250253+61
L25037174+01
JBZBATOOTHOL
LSP4T2817+01
_ADADB197+T
74582783401
L65810188+01
. 55528820401
.13986376+01
L 0615941701
55900651 7-00
.49831312-070
L IONS5138+01
L126515N35.01
L52495125-00
2165587401
.11926575+01
. TEI3E37I-00
L77627830-00
L5873 7977-00
.46986055-00
,11760384+01
.B2444388-00
L1077T113+01
82058982500
L13620929+01
16501 72450
66891 583-00
L 40155540-00
L 8O503303+01
LE3G52312+401
27500669402
297503750402
, 10344833402
L L Tl
. 34390049+02
13068625402
L 65934391402
;33659419402
.63325221+52
29527407+52
L89667336+02

1

tl

L, 25434419+01
. 34712846+01
89684045401
.59540405+01
LASDO6TT1v0]
L23975031+D
62507169401
12817145402
L3E761883+02
L11334143+02
LBA564496+08
LST7E0464452
.66244251+01
32616881491
J37548627+01
L25601462+0D1
29187514401
.36319976+01
.88234575+01
L68539010+01
+56424323+02
.45143542+01
.12795913+02
80845461-00
L29078372+01
94253881 -00
8278282000
L.62561319+02
LATE19616451
. 792942 7400
. TA486429-00
.57652318-00
LE2739054-00
15472314491
10544532401
LTI557160-05
.5B983275=-00
7278707400
16277674+01
901 70940-00
.12468237T+01
370321 74-05
12413628400
3106835594401
.17179579+02
LA2261341402
20399752402
20878015402
L20139578+02
L2S7TO0733+07
. 77293060+02
27502782402
.48013002+02
L26132204+02
L12094316+03
22783419402
10293521403

1

(21325010+01
AS2T4682+01
33848447401
«41357053+01
L11354019+02
25172587401
55648507+01
16108458402
JA5367139+402
04552542401
L21086223+02

L27T12584+01
21989867401
,39188325+01
L 31082508+01
L.23071127+01
51732802401
LTAIO0628+01
.43839127+01
.13265289+02
L51375642+01
L13247022+02
L87849633-00
34271111401
L 69481619-03
L2ITAZTOHOL

11530214408
J8161645-00
.7Ea17A10-00
L 810014498-00
LTOPTSZE8-00
JP741TO03-TD
L12339931+01
. 2480638T7-00
.12169964+01
JTT740493-00
15384919401
.E5720566-10
11263186401
.39511170-01
LT2520293-00

59722883+
BTEBT5474+01
.24139091+02
.27081744402
14737105402
.18155549+02
87182449402
L2N461577+02
90435088402
34770442402
LOU29T443+02
L29505771402
73427193402
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21892167401
84026065 +01
LABTB2720+01
LA49273030+01
.11864442+02
46231487401
5671081401
2501 4025+02
.14273030+02
L92627939+01
20130738402

.28550640+04
32165785401
L B74094 75401
51250390401
24442102+
.6718722T+01
54515640401
540751 15+0¢
L181261 74402
LB4701OGTH
L15011698+02
19068832401
16644834404
.B3467602-00
L27734318+401

AB9615637-00
13705122401

T 31644600401

L13D71675+01
.48912475-00
.88952226-04
L T2E92125-00
.65462425-10
21654174+01
-12629289+01
. 36108294401
L 73966274-00
18567028+
.39132249-00
.84082260-00

Llaoazoaz4nz
.11986938+02
. 50919423402
LED7OTTEDYIZ
L191835952+02
LA58M 65102
LEZE61973402
27469134402
779332848402
«TSIZ1Z65+02
+13741620+403
56133605402
10954714403



000410
000171
w0017
000173
o0o174
000175
DOoLTe
000477

Kl

COVAR 11816456+03 .91153413+01 L19363242+402 L14B18B25+02
COVAR »A4470342+02 50277419402 35527575402 L85798996+02
COVAR 89133546402 .656374119+02 4895142202
CLASSESZS,C, 00w, RLAL Y X E

PRINT=10 MAX DI J=39000 NJ. SHOW=03

CHARNELS=D1,09,11,12

CHANNELS706,09,10,11

CHAMNEL 501,06, 10,11
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L18418329+02
LI006609T+02



Input Deck Description

Please refer to pages 61-64 as an example of a typical input deck.

Card 1

Cards 2-4

Cards 5-28

Cards 29-44

Field 1. n - the number of input channels {measurements).
In this case, n=12. ‘

Field 2. m - The number of classes (populations). In this
case, m=9.

Field 3. k - The size of the "best" subset. The task is
to pick the “best" k of n channels. In this
case, k=4. : -

Format: This card is read with the following format:
(9X,12,9X,12,6X,12)

These cards contain the mean readings for the n channels of
class 1. Field 1 is the mean response for the first channel,
.., field 12 is the mean response for the twelfth channel.
Three cards are required to hold the data for 12 channels.

Format: {5X,5E15.8)

These cards contain the mean readings for the n channels of
classes 2 through m. In this case, three cards are required
per class.

Format: (5X,5E15.8)

These cards contain the lower triangular covariance matrix
for class 1. (Since the matrix is symmetric, it is only
necessary to read the lower triangular portion}.

Field 1 - The variance of channel 1 for class 1

Field 2 - The covariance of channels 2 and 1 for class 1

Field 3 - The variance of channel 2 for class 1

Field 4 - The covariance of channels 3 and 1 for class 1
- The covariance of channels 3 qu 2 for class 1

Field 5

Field Di%ill- - The variance of channel n for class 1

From this, it can be seen that there are 78 fie1ds.per class
in the 12 channel case and that there are 16 cards/class.
Format: (5X,5E15.8)
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Cards 45-172

These cards contain the lower triangular covariance
matrices for classes 2 through m. The fields are
encoded in a similar to those for cards 29-44. There
are 16 cards/class in this case.

- Format: {5X,5E15.8).

Card 173

Card 174

Cards 175-177

A symbol associated with each class. These symbold should
be in the same order as the class statistics they represent,
i.e., symbol 1 represents class 1, ..., symbol m represents
class m. ‘

Format: (7X,36(1X,A1)}. .

Field 1. The number of top ranked channel sets to be
printed for criteria, 1, 2, and 3.

Field 2. The maximum pairwise divergence to be allowed
by the program in its criteria tests. If a
divergence is greater than this maximum, then
it is set to it. :

Field 3. The number of specific channel combinations asked
to be displayed, i.e., the number of "show"
requests. If there are no show requests, this
field should be set ©0 zero. .

Format: {6X,12,9X,15,10X,12)

The specific channel combinations the investigator would
like to have displayed. For example, the investigator

has requested to see set (1, 9, 11, 12). There should be
the same number of these cards as was specified in field 3
of card 174. : ‘

Format: (8X,24(1X,12)).
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